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FIG. 8

FIG. 7

SPR2261 __ SPRz251 ) . 3PR2261 ‘
{with inhibitory domain} (with inhibitory domain) (with inhibifory domain)
No. 2 No. 3 No. 5 No. 7 No. 8 No. 9 Ne. 19 No. 12




U.S. Patent

S s I el

&

x4 D

5]

[ s

P T S o B

fa ]

3
&

Sep. 6, 2016

TAC
AARCCETEOSE
CCAACGTTAT
GIGCRGCCCA
CCTTCAGCGG
AGCAGETITA
GAGAATTTAG
CEACCAGRTIC
TEGATCGCAT
AGCAACACGG
GETGAGCCAC
TTGGAGACGE
GUTGERACGE
GTACGCEETG
TAATTECOGEG
GCCAACATEA
CAATAACGCC
GCAACCGCGA
ACCETEGEEEE
CGETAGCTECQ
BEATTASCAG
ACCCCCCATG
TECCAGCCCC
GTGTEGTEAG
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SEQID NO: 3

T TN T T

eI

ATCOCOEACA

COAGGEGGLAG
CCOTGCRARG
GCAACTGGARA
CACCECTECT
CCECeCTete
ATGAGCATCA
AGARCCAGCEC
GCAGCGGCGT
AGCEAGTITE
CCAGAATGEEC
TAGGCEGCAT
CREETECTTA
GETEGACTEE
GCCTEGETEE
ATCAACGCCG
CGLCTGCTAG
CCACCACCTC
CTCGACCTCT
CBACACCTCG
TEECCREEET
GCCACOETEC
CAACGCCREG

TR R
CECGOTETTE

ACCTAGCCCC
TACATTETGE
COTEARAGCC
GUCTGEEGUT
CIGCTRGEEC
GCAGGATCCC
GCGCCACCCA
ACCCTACCCC
GAACGUCTAC
GEBETOSGEC
BACGACTGCA
GETCTACGGC
ATTGCAGCEG
GTECGECAGA
GGEEECCTCE
GEATTACCTTY
TICTCECCAG
CACCGACGCC
TEECCLCOEE
ACCRACACCA
AGCEECTTTE
GCAACGCCAT
CEGCETTOGC

SEQIDNO: 4

R
A THDNLAE

PIGTTACTEE
GETGCTAGGA
TCTACARGGA
GCITTAGATG
GECACCCEAC
TRECEGLCCE
CEEETEECCT
GACCGETECG
TCAGCEGTAC
ATCATCGATA
CACGECRETT
ACGGLCCATGG
GTAGCCAARR
CTCERECAGC
ATGCCCEEAL
AGCGCOCTCE
TECCOTEECC
CCOGCETTAC
ABGECCTCCT
CTCTTCCATC
TCAGLGGAAC
TACCTGECAMN
TETGGECAAC
CCAACCTRCT
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CTGGATAACC
TCATGCCAAC
GEGGETGTAAC
GUCAGGETTG
GCTATCACCC
ACATCEAGHC
ACCTGGERCC
CPTCACCTAC
CCEGTATCCG
TTCGACGCTA
CACCCATGTG
GCGTECEETY
ARCTCEGECGE
GCCAGCBGTA
ATACCGECGET
GCAGGTAACA
TGCAGGUATY
ATTCCAACTA
ACCTCEGLCTE
CTCBATEGECC
GCAACCCCAR
GCCACTTCGE
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Tow

v«-'ﬁ—-‘\—‘\—r't«‘—-l?‘&p\r\—-‘\) ¥

1 En
=A‘\.

170

“. ) (\

‘”*“ATQTGA

144
FOAIGSDGONG

TVGATTETDA

ENES

YLOSNPSASE

TWGLDRIDOR

200
NDCNGHGTHV

260
ANMSLGGGAS

320
RASYSNYGSC

380
ATVRNAIVGEN

TLPLSGTFTY

7
L)

AGTVGETVY

G

ey
o

SALDTAVNNA

338
IDLFAPGSS

Hiu

3540
ATBEVVENAG

SHTCSGVNAY

VAKSVRLYAV

e
id»f\'

INAGITFALA

340
TSAWISBDTS

4G9

RRSPNLLLYS

IIDYGIRVSH

PR

S

RVLNCSGSGS

299
AGNENRDACG

AR
as54

TNTISGTSMA

NY

il
SEFGGRATAV

244
NEGVIAGVIW
304
FSPARVTAGI
369

TPHVAGVAAL



U.S. Patent

Sep. 6, 2016

Sheet 5

SEQID NO: 5

of 10

i€ :
ABCGCCACCC

1 CACCCTACCC

TEAACGCCTA

1 GECGETCEGG
. CAACGACTGC

CGETCTACGG

1 AATTGCAGUG
. GGTGCEGECAG

GEEGEGECCTC
GEGATTACCT
GITCTCGCCA
CCACCEACGEC
TICECCCCCE
BACCAACACC

. TAGCGECTTT

FIG. oB
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TAGACCAGCG
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GCEGEETGECTT
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FIG. 10A-1 SEQIDNO: 7

agatctaacatccaaagacgaaaggiigaatgaaaccittitgecatecgacatecacaggtecatictcacacataa
gtgceaaacgraacaggagggratacactageageagacegtigraaacgeaggacctecactectetteteetea
acacccactittgocategaaaaaccageccaghtatigggettgattagagetegeteaticeaaticctictattagg
ctactaacaccatgactitattageaigictatectggocecoctggogaggticatgttgittatitergaatgeaaca
agetecgeattacacecgaacatcactecagatgaggectiictgagtptggoateaaatagittcatgticcecaaat
ggeccaaaactgacagittagacgetgictiggaacciaalatgaearaagogigatcicatecaagaligaactaag
tigpticgtigaaatgctaaeggocagitggicagaaagaaacticcagaagtcgpeatacogiitgictigittgat
attgattgacgagtgoicaasaataatcteattantgettagegeagtctetetategettotgaaccceggtgracctg
tgecgaaacgeaaatggggaaacaceegetttitggatgattatgeatigictecacattgtatgettecaagatictg
grggraatactgcigatagoctaacgttcaigatcaaaattiaactgiictaaccectactigacageaatatataaac
agaaggaagetgeoctigtettaaacctitttettitatogteattattagetiactiteataatigegactggticcaatiyga
caageittigattitaacgacttttaacgacaactigagaagatcasaaaacaactaattaticgaaacyg
ATGAGATTTCCTTCTATTTTTACTGETGTTTTATTCGCAGCATCCTCLGCATTAGCTG
CTCCAGTCAACACTACAACAGAAGATGAAACGLCACAAATTCCGGCTGAAGCTRTCA
TGO TTACTCAGAT T TAGAAGGGLATTTCGATCITCGCTGTITTGCCATTTTCCAALCA
GLACAAATAACGGLTTATTCTTTATAMMTACTACTATTGCCAGCATTGCTGCTAAAG
AAGAAGGGGTATCTCTCCAAAAAAGAGAGGUTGAAGLACALGGAATTGGAGTGGCAG
GAATGCTAGCCCCGGTGCTAGGACTGEATAACCCCAACGTTATCCAGGGGTAGTACAT
TOeTOEGTCTACAAGEATGATGCEAACGTCCTHGCCCACCCTGOASAGCCTGAAAGOCGET
TTAGATGGLGGGTCTAACCCTTCAGCEGGAACTGGAAAGCCTG GG GLTGGCALCCGALC
GLCAGGGTTGAGCAGGTTTACACCGCTGCTCTGLTGRGGETTGUGGCCCGGOTATCAC
COGAGAATTTAGLLGCGCTECGGCAGGATCCOCGGLUTHEUCTACATCGAGGCCGATCA
GGTCATGAGCATCAGCGECACCCAGACCGG TG UGALCTGGGGLCTLGATCGLATAGAC
CAGUGCACCCTACCCCTCAGCCGTACCTTCACCTACAGCAACALGGGLAGLGGOGTGA
ACGCCTACATCATCEATACCGLTATCLGECTEAGCCACAGLGAGTTTGGUGGTCGGGC
CALGGUGGTTTTCGACGLTATTCGAGACGGLLAGAATGGCAACGALTGLAALGGLCA
TEGEACCCATG TGO LTGGAACGGTAGGCGGLACGLGTCTACGGCGTAGCCAAAAGOGT
GLGGTTGTALCLGOTHGLGGGTGUT TAATTGUAGCGGOTIGGGLAGCAACTOLGGOGT
AATTGCCGLGETGGACTGGHTGULGLAGAATCUCCGGAGGUCAGCGGTAGUCAACAT
GAGCCTGLGTGGGGGEGUCTCGAGCGCOCTCEATACCELGGTCAATAACGUCATCAAC
GCECEGGATTACCTTTGECCCTGGCUGLAGG TAACAGLAACCCCGALGCCTGCCAGTICT
CHCCAGCECGOGTCACTECAGGUATTACCGTCL G GGECACCACCTCCACCGACGCCAG
GLECTCCTATICCAACTACGGTAGUTGLCTOGACCTCTTOGCLOLCGEOTCTTCCATCA
CETCEGUCTGOATTAGCAGLLACALCTCGACCAACACCATCAGLGEAACCTOGATLGE
CACCCCCCATGTGGOCGHLGGTAGUGGCTTTG TACCTGUAAAGCAALCCCAGTGUCAGT
LOCGCCACCHTEUGCAACGECATTO TR GCAACGLCACTTCGLG TG TGGTGAGCAACG
COGGEGOGGCETTOGCCCAACCTGCTGLTGTACAGCAATTACGGCAACCTCTACTTCCAL
TOGCATCATCATCATCATCATCACCATTGAgt Hgtagecttagacatgactgitcctcagticaag
ttgggcacttacgagaagaccggictigotagatictaatvaagaggaigicagaatgocatttgectgagagatga
gocticatttigatactittiiattigtaacctatatagtataggatitttiiigteatitgittettetegtacgagettge
tectgateagoctatetegeagetgalgaatateftgtggtaggeotitgpgaaaateaticgagttigatgtitttetig
gtatttcecactectetteagagtacagaagattaagigagacetiogtitgtgeggatececcacacaccatagetic
aaaatgttictactectittttactettecagattticteggactecgegeategeegtaccacticaaaacacoeaagea
cageatactaaaftttcectettictiectetagggatetogttaaliaceogtactaaaggittgganaaagaaaaaaga
gaccgoctegttictttticticgtegaaaaagpcaataaaaatttitatcacgtitetitttctigaaatititititiagt
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FIG. 10A-2 SEQ 1D NO: 7 (Continued)

tittttctctiteagtgacctecatigatatttaagtiaataaacggicticaatttctcaagtiteagtiteatttivoiigtt
ctattacaacttittttacticitgttcatiagaaagasageatageaatctaatctaagggpcggtgitgacaattaat

catcggeatagtatateggeatagtataatacgacaaggtgagegaactaaaccatggecaagiigaccagtgoogit
ceggtgeteaccgegegegacgtogeeggagegetogagtictggaccgaccggetegepticteccgggactiogt
gsaggacgacttegeogetgtgotccggacgacgigaceotgttcateagegeggtecaggaceagplagtgocg

gacaacacectggeatgpptetgggtoopegpoctggacgagetiglacgecgagtggtoggagptoptgiecacga

actteegggacgectocgggeeggetalgaccgagatoeggrgagragoeegtggegacgaaantegeectgegeg

acccggeeggeaactgegtgcacticgtegecgaggagrageactgacacgloegacggeggeecacgggtocey

prectoggagateogleceoctiitectiigiogatateagtaattagiaigicacgoiacaticacgoCeio oo
acatccgetoiaaccgadaaggaaggagttagacaacctgaagtctaggtecctatttatitttttatagttatgttagt
attaagaacgttatttatatticagatttticttttitttctgtacagacgcgigtacgeaigiaacattatactganaace
ttgcttgagaaggiittgggacgctcgaaggetitaatitgraggetggagaccaacatgigagoaaaaggocagea
aaaggecaggaacepgtanaaaggecgegtigetggegtitticeataggetocgeccoectgacgageatcacaaa

aatcgacgctcaagtcagagatggegaaacocgacaggactataaagataccaggegttteeccctggaageteee
tegtgegotctectgticegaceotgecgetiaceggatacotgiocgectteteccivgggaagogigpogctitcic
aatgeteacgctgtaggtatctcagticgetigtageicgticgotecaagotgggeigtgtgcacgaacceccegiica
geocgacegatgegectiatecggiaactategtatigagtecaacecggtaagacacgactiategeeactggeage
agecactggtaacaggatiageagagoegaggtatgtaggoggtgctacagagtictigaagtggtggortaactacg
getacactagaaggacaglatitggtatctgogoctgeigaagecagttacctivggaaanagagtiggtagetett

gatceggoaaacaaaccaccgotgglageggtgptittttigtitgeaageageagatiacgcgoagaaaaaaagga
tetcaagaagateciitgatetttictacggggiotgacgotcagtggaacgaaaactvacgitaagggatittggiea
tgagale

FIG. 10B SEQ ID NCG: 8

MREPSIFTAVLFAASSALAAPYNTTTEDETAQIPAEAVIGYSDLEGDFDVAVIPESNSTNNGLLF!
NTTIASIAAKEEGVSLEKREAEAEGIGVAGMLAPVLGLDNPNVIQGOQYIVVYKDDANVIPTLASE
KAALDGGVYTLQRELESLGLAPDARVEQVYTAALLGLAARLSPENLAALRQDPRVAYIEADQVMSI
SATQTGATWGLDRIDQRTLPLSGTFTYSNTGSGVNAYHDTGIRVSHSEFGGRATAVFDAIGD
GONGNDCONGHGTHVAGTVGGTVYGVAKSVRLYAVRVINCSGSGSNSGVIAGVDWVRONA
RRPAVANMSLGGGASSALOTAVNNAINAGITFALAAGNSNRDACQFSPARVTAGITVGATT
STDARASYSNYGSCLOLFAPGSSITSAWISSDTSTNTISGTSMATPHVAGVAALYLQSNPSASP
ATVRNAIVGNATSGVVSNAGRRSPNLLLYSNYGNLYFOSHHHHHHHH
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FIG. 11A-1 SEQIDNO: 9

agatctaacalccaaagacgaaaggtigaatgaaacciitiigeeatoegacatceacaggtocaticicacacaiaa
glgccagacgraacaggagggpatacactageageagacegtigeaaacgeaggacctceactecteitetcetea
dacacccactttigecategaaaaaccageecagtiattgggctigatiggagctegeteattecaattectictattagg
ctactaacaccatgactitattagectgtetatectggeeccectggepaggttcatgtttptitatttocgaatgeaaca
agctocgeattacacocgaacatcactecagatgagggetitctgagtgtggggteaaatagiitcatgttecoeaaat
ggcccaaaactgacagittagacgetgictiggaacetaatatgacaaaagegtgatcteatecaagatgaactaag
tttgmccﬂgaaatgctaacgg&‘a gt tggtcaaaaagaaacttcc’aaaagtcggcatachtttgtcttgtttggt
tgwgaaacgmaatgg g ﬁraaﬁacaCcchtttttgﬁatgrathtgmttgrtctccuattgtatgcttcmagﬁttctg
gtgggaatactgetgatagectaacgticatgateaaaatttaactgtictagccoctactigacageaatatataaac
agaaggaagcigecctgictiaaaccitittttiiatcatealtattagettactttcatanlipegactggiiceaatiga
caagotttigattttaacgacttitaacgacaactigagaagatcagaaancaactaattaticgaaacyg
ﬁTCAGATTTLCTTCTATTTTTALTGLTGTTTTATTCCCAGCATCCTCCGCATTAGCTG

ti“ AGCCA(‘CG&(‘ A C £GGT(§EGA£C‘ TGCGGLCTEGATUGCA ?‘AGAL‘CAGC GCACC{? TA(.‘C
CCTCAGCGGTACCTTCACCTACAGCAACACL L GLAGLGGUGTCAACGUCTACATCATC
GATACCGGTATCCLGGTOGAGUCACAGLGAGTTTGGLGGTCGOLLCACGGOGGTTTTC
GACGCTATTGGAGACGGCCAGAATGGCAACGACTGCAACGGCCATGGCACCCATOTG
GCTGGAALGGTAGGLGGCACGGTCTACGLOE TAGCCAAAAGUGTGCLLTTGTACGLG
GIraCGGGTGCTTAATTGEAGCGGLUTCGGGLAGCAACTCGGGUGTAATTGUCGGGGTE
GACTGHGTHGUGHCAGAATGOOCGGAGGUCCAGUGGTAGCCAACATGAGCLTCLE TG GG
GCEGLGLCTCGAGCGOCCTUGATACCGOL G TCAATAALGCCATCAALGUCGLGATTALCT
TTGECCTGGUOGCAGGTAACAGCAACCGCLACGCLTGUCAGTTCTOGLCAGCCCGOGT
CACTGLAGGCATTACCGTCL GGG CCACCACCTCCACCGACGLCAGGGCCTCCTATTCC
AACTACGGTAGCTGCCTCGACCTOTTUGCCCLUGGCTCTTCCATCACCTOGGCCTGLAT
TAGCAGCCACACCTOGACCAACACCATCAGUGGAACCTCGATGELCACCCUCCATE T
GLOGGGGTAGCGGUTTTCTACCTGCAAAGCAACCCCAG TGCCAGCCUCGLECACCLTRE
GEAACGLCAT TG TGGGLEAACGCLACTTOGGETG TGO TCAGCAALGLCLGELGGLGTTC
GECCAACCTGCTGCTGTACAGCAATTACGGGAACCTCTACTTCCAATCGCATCATCAT
CATCATCATCACCATTGA
gttigtagecttagacatgactgticcteagticaagtigggeactiacgagaagaccgegtettgetagatictaatea
agaggatgtcagaatgeeattigectgagagatgeaggettcatitttgatactititiatttgtaacctatatagtatag
gattttttttgteattttgtitettctegtacgagetigetectgateagectatctegeagetpatgaatatetigtggtag
geatitgegaaaatcattegagittgatgtittitciiggtatiteccactoctettcagaglacagaagaltaagigaga
cettegttigtegcggatecoccacacaccatagettcaaaatgtictactectitittactctocagatiticteggact
cegegeategecgiaccacttcaaaacacceaageacageatactaaatiticoctotttcoctolagggtgtegtta
attaccegtactaaaggttiggaaaagaaaaaagagaccgectogtitatttticticgtegaaaaaggeaatasaaa
frittateacgttetttttettgaaatettititittagtitttttebettteagtgacctecattgatatttaagitaataaac
gatcttcaatiteteaagttteagtttcatttttetigttetattacaactittittactictigttcattagaaagaaageat
agcaatctaatctaaggggeggtgtigacaatiaateateggeatagiatateggeatagtataatacgacaaggly
aggaactaaaceatggeraagiigaccagigenghiceggtacteaccgegrgegacgtegecggagegategagt
tetggacegacegpeteggaticteccgggacticgtiggageacgacticgecggigtggtecgggacgacgtgace
ctgttcateagegeggiccaggaccaggiggigocggacaacaccolggoctgegiglggatgcgoggectggace
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FIG. 11A-2 SEQ 1D NO: 8 (Continued)

agetgtacgeogagtggteggagetegtgtccacgaacticegggacgectecgggecggocatgacegagategg
cgageagecgtgggrecgesagticgeectgogegacceggoeggeaactgegtgeacticgtggecgaggagea
gractgacacgtocgacggegreceacgggteecaggecteggagateegiococctittectiigtegatateatgt
dattagtiatgicacgettacattcacgeectocoeccacatocgetctaacegaaaaggaaggagitagacaaccty
aagtctaggteectattiatitttttatagitatgttagtaltaagaacgttatitatattteasatititettittettetgtac
agacgegiglacgeatgtaacaltatacigagagoctigctigagaaggliitigggacgcicgaaggctitaatiipea
agclggagaccaacatgigageadaaggecageaaaaggecaggaaccgtaaaaaggecgegiigetggegitt
tecataggetecgeeecoctgacgageatcacaaaaatogacgctcaagicagagetggegaaaccogacaggact
ataaagataccagpegtiteceeetggaagetecctegtgogetctectpttecgaceatgecgettaceggatacety
tecgectttcteccticgggaagegtgecgeltiotcaatgeteacgetglagptatetcaglicgetetagategticg
ctecaagoigggotgigigcacgaaccocecgitcagooegaccgetgegectiateoggtaactategictigagice
aacccggtaagacacgacttategecactgpeageagecactggtaacaggattageagagegagatatgtaggeg
gigetacagagticftgaagtggtygectaactacggotacactagaaggacagtatitgetatetgegetetgetga
agecagttacctteggaaaaagagtiggtagciotigatcoggeagacaaaccaccgeiggtageggtgstitiittg
titgeaageagragatiacgegragaaaaaaaggateticaagaagatectitgatcttictacggggtetgacgete
agtggaacgaaaactcacgitaagggatitiggteatgagate

FIG. 118 SEQ ID NO: 10

MREPSIFTAVLEAASSALAAPYNT T TEDETAQIPARAVIGYSBLEGDEDVAVEPESNST

NNGLLEINTTIASIAAKEREGVSLEKREAEAEGIGVAGATQTGATWGLDRIDQRTLPLSG
TFTYSNTGSGVNAYIIDTGIRVSHSEFGGRATAVFDAIGDGONGNDUNGHGTHVAGTV
GGTVYGVAKSVRLYAVRVLNCSGSGSNSGVIAGVDWVROQNARRPAVANMSLGGGASS
ALDTAVNNAINAGITFALAAGNSNRDACQFSPARVTAGITVGATTSTDARASYSNYGS

CLBLFAPGSSITSAWISSDTSTNTISGTSMATPRVAGVAALYLQSNPSASPATVRNAIY

GNATSGVVSNAGRRSPNLLLYSNYGNLYFQSHHHHHHHH
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HEAT STABLE KERATINASE AND USE
THEREOF

REFERENCE TO RELATED APPLICATION

This application is a national stage application (under 35
U.S.C. 371) of PCT/US2014/047052 filed on 17 Jul. 2014,
which claims priority to U.S. provisional application 61/859,
720 filed on 29 Jul. 2013, all of which are herein incorpo-
rated by reference in their entireties.

FIELD OF THE INVENTION

The present invention relates to proteases, and more
specifically to microbial keratinases isolated from Meiother-
mus Taiwanesis.

BACKGROUND OF THE INVENTION

Keratins, a family of fibrous structure proteins, are the key
structural components of skin, hair, wools, nails, scales and
feathers. Keratin polypeptides are insoluble and resistant to
most proteases. Accumulation of insoluble keratins in the
environment, mainly in the form of feathers and hair,
becomes an issue in the solid waste management.

Keratins can be efficiently degraded by keratinases.
Hence, keratinases find applications in biowaste process and
also in detergent and leather industries where they serve as
specialty enzymes to remove proteinaceous stains and hair,
respectively. The applications can also be extended to wool
and silk cleaning and medicine. Recently, keratinase has
been used extensively to increase digestibility of proteins in
animal feed.

Heat is often required in industrial applications to speed
up reactions. The spray drying process of keratinase powder
also requires heating. Hence, a heat-stable keratinase can be
very useful in the industries.

SUMMARY OF THE INVENTION

In one aspect, the invention relates to a fusion gene
comprising: (a) a first DNA sequence encoding a protein
secretion signal peptide, located at the N-terminus of the
fusion gene; (b) a second DNA sequence encoding an
inhibitory domain of M. taiwanensis WR-220 keratinase,
linked in translation frame with the first DNA sequence; and
(c) a third DNA sequence encoding a catalytic domain of M.
taiwanensis WR-220 keratinase, linked in translation frame
with the second DNA sequence, wherein the fusion gene is
a non-naturally occurring chimeric DNA.

The protein secretion signal peptides may be selected
from the group consisting of alpha-amylase signal peptide,
glucoamylase signal peptide, serum albumin signal peptide,
inulinase signal peptide, invertase signal peptide, killer virus
signal peptide, Lysozyme signal peptide, mating factor
alpha-1 signal peptide, and mating factor alpha-2 signal
peptide.

In one embodiment of the invention, the first DNA
sequence encodes a yeast alpha-factor signal peptide.

In another aspect, the invention relates to a protein
expression vector comprising: (a) the fusion gene as afore-
mentioned; and (b) a promoter, linked in translation frame
with the fusion gene. The promoter may be selected from the
group consisting of alcohol oxidase (AOX) promoter, glyc-
eraldehyde phosphate dehydrogenase promoter, transla-
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2
tional elongation factor 1-o promoter, Na*-coupled phos-
phate  symproter  promoter, and  formaldehyde

dehydrogenase promoter.

In another aspect, the invention relates to a host cell
comprising the expression vector as aforementioned.

In another aspect, the invention relates to a cell culture
comprising the host cell as aforementioned and an artificial
medium, the host cell secreting the catalytic domain of M.
taiwanensis WR-220 keratinase into the artificial medium.

In another embodiment of the invention, the second DNA
sequence comprises a nucleotide sequence having at least
90% or 95% identity to SEQ ID NO: 11.

In another aspect, the invention relates to an isolated
protease comprising a catalytic domain of M. taiwanensis
WR-220 keratinase, the protease lacking an inhibitory
domain of M. taiwanensis WR-220 keratinase, and being in
the form of a tablet, a caplet, a pellet, a capsule, a granule,
a pill, a powder or a sachet, or in the form of a solution
without containing a cell culture supplement. In one
embodiment of the invention, The protease comprises an
amino acid sequence having at least 95% identity to SEQ ID
NO: 14.

Further in another aspect, the invention relates to a
method for degrading a proteinaceous material, comprising:
exposing the proteinaceous material to an effective amount
of the protease as aforementioned. Prior to the exposing
step, the method may further comprise the step of prepara-
tion of the catalytic domain of M. taiwanensis WR-220
keratinase.

Alternative, the invention relates to use of the fusion gene
for preparation of a protease as aforementioned for degrad-
ing a proteinaceous material.

The invention further relates to use of the fusion gene as
aforementioned in the manufacture of a protease for degrad-
ing a proteinaceous material. Alternatively, the invention
relates to use of a protease as aforementioned in manufac-
ture of a composition for degrading a proteinaceous mate-
rial. The use may be performed at a temperature above 25°
C. Prior to the use, the protease may be pretreated at a
temperature above 40° C. but below 95° C., or pretreated
with a solution having a pH value ranging from 3 to 10, and
still remains its activity. The proteinaceous material may be
selected from the group consisting of animal feed, food,
milk, casein, elastin, skin, hair, wool, silk, nails, scales, fiber,
leather, and feathers.

Further in another aspect, the invention relates to a
method for preparation of the catalytic domain of M. tai-
wanensis WR-220 keratinase, comprising: (ai) growing the
host cell as aforementioned in a culture medium under
conditions that permits expression of M. taiwanensis
WR-220 keratinase and secretion of the catalytic domain
thereof into the medium; or (aii) growing a host cell trans-
formed with an expression plasmid comprising a DNA insert
encoding an inhibitory domain and a catalytic domain of M.
taiwanensis WR-220 keratinase under conditions that per-
mits expression of M. taiwanensis WR-220 keratinase and
secretion of the catalytic domain thereof into the medium;
and (b) removing the host cell to obtain a supernatant
containing the catalytic domain of the M. taiwanensis
WR-220 keratinase; and (c) isolating the catalytic domain
from the supernatant or removing liquid from the superna-
tant by a spray drying method or others to obtain the
catalytic domain in a solid form.

Yet in another aspect, the invention relates to an isolated
protease comprising a catalytic domain and lacking an
inhibitory domain of M. taiwanensis WR-220 keratinase, the
protease being prepared from the method as aforementioned.
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In another embodiment of the invention, the inhibitory
domain comprises an amino acid sequence having at least
95% identity to SEQ ID NO: 13; and the catalytic domain
comprises an amino acid sequence having at least 95%
identity to SEQ ID NO: 14. Alternatively, the inhibitory
domain comprises an amino acid sequence of SEQ ID NO:
13; and the catalytic domain comprises an amino acid
sequence of SEQ ID NO: 14.

These and other aspects will become apparent from the
following description of the preferred embodiment taken in
conjunction with the following drawings, although varia-
tions and modifications therein may be affected without
departing from the spirit and scope of the novel concepts of
the disclosure.

The accompanying drawings illustrate one or more
embodiments of the invention and, together with the written
description, serve to explain the principles of the invention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements
of an embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-C show degradation ability of intact chicken
feathers by M. taiwanensis WR-220. (A) The culture
medium containing feathers as carbon and nitrogen sources
is clear at Day 0. The cloudy medium at Day 2 indicates the
degradation of feathers and the growth of microbes. (B)
Photographs showing the remaining feathers in the medium.
(C) Graphs showing the weight of the remaining feathers
(left panel) or insoluble residues in the culture medium and
the amount of soluble free-amino acid (right panel) from
decayed feathers in the culture supernatant with or without
the presence of M. taiwanensis.

FIGS. 2A-B are photographs showing protein electropho-
resis for the fractions of extracellular proteases secreted by
M. taiwanensis WR-220, and an zymography assay where
areas of keratinase activity appear as clear zones of the
stained agarose replica, respectively. (A) 4-20% gradient
SDS-PAGE stained by SYPRORUBY™. (B) 1% agarose
within keratin/casein powders.

FIG. 3 is a photograph of protein electrophoresis, indi-
cating the molecular weight of the recombinant keratinase is
less than 30 KDa.

FIG. 4 is a series of photographs showing that the
recombinant keratinase exhibits a broad range of proteolytic
activities against proteins in milk, casein, elastin and feath-
ers. The O ug, 1 ug, 2 pg, 4 ug, 8 ug and 16 pg of keratinases
are labeled as a, b, ¢, d, and e, respectively.

FIGS. 5A-B are photographs showing the heat and pH
tolerance of keratinase. (A) A clear zone around the disc-
shaped filter paper indicates protease activities. The corre-
sponding heating temperatures are indicated near the filter
papers. (B) The corresponding pH values are indicated near
the rectangular filter papers.

FIG. 6 shows the results of a paper disk-agar diffusion
assay for protease activity. The culture supernatants of 8
elected yeast clones (Day 5) were collected for protease
activities.

FIG. 7 shows the results of SDS-PAGE electrophoreses of
the culture supernatants of 8 elected yeast clones (No. 2, 3,
5,7,8,9,10 and 12). D1, D2, D3 and D5 denote day 1, 2,
3, and 5 respectively.

FIG. 8A shows the nucleotide sequence of the SPR2261
gene (SEQ ID NO: 3). The part cloned is shown in bold. The
predicted signal peptide for protein secretion is shown in
italic.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 8B shows the amino acid sequence of SPR2261
(SEQ ID NO: 4). The predicted signal peptide for protein
secretion is labeled in italic, the predicted inhibitory domain
labeled as underlined, and the active form of keratinase
labeled in bold only.

FIG. 9A shows the cloned DNA sequence of keratinase
(SEQ ID NO: 5). The first methionine (starting codon) is
labeled as underlined, the inhibitory domain labeled in
non-bold, the active form of truncated keratinase labeled in
bold only, and a fusion tag for purification labeled in italic.

FIG. 9B shows the amino acid sequence of cloned kera-
tinase (SEQ ID NO: 6) from Meiothermus taiwanensis
WR-220. The first methionine (starting codon) is labeled as
underline, the inhibitory domain labeled in non-bold, the
active form of truncated keratinase labeled in bold only, and
a fusion tag for protein purification labeled in italic.

FIGS. 10A-B show the nucleotide sequence of the plas-
mid construct pHTPY2_spr2261ic (SEQ ID NO: 7) and its
corresponding keratinase protein sequence (SEQ ID NO: 8).
(A-1, A-2) The genes of alpha factor is labeled as underline,
LIC cloning sites labeled in italic, inserted spr2261ic (con-
taining inhibitory and catalytic domains) labeled in bold
with italic, and 8xHis tag with a stop codon labeled in bold
only. (B) The corresponding expressed protein sequence
(SEQ ID NO: 8) comprises the alpha factor (SEQ ID NO:
15) labeled as underline, the inhibitory domain labeled in
italic only, and catalytic domain labeled in bold with italic,
and 8xHis tag labeled in bold only.

FIGS. 11A-B show the nucleotide sequence of the plas-
mid construct of pHTPY2_spr2261c (SEQ ID NO: 9) and its
corresponding keratinase protein sequence (SEQ ID NO:
10). (A-1, A-2) The alpha factor labeled as underline, LIC
cloning sites labeled in italic, inserted spr2261c (containing
only the catalytic domain but without the inhibitory domain)
labeled in bold with italic, and 8xHis tag (with a stop codon)
labeled in bold. (B) The corresponding expressed protein
sequence comprises the alpha factor labeled as underline, the
catalytic domain labeled in bold with italic, and 8xHis tag
labeled in bold only, but does not comprise the inhibitory
domain.

FIGS. 12A-B are cartoon models showing the results of
structural studies of M. taiwanensis WR-220 keratinase. (A)
The structures of two keratinases are colored in light gray
and dark gray, respectively. The active site is highlighted in
the black box and the key active site residue, Ser224
(referring to SEQ ID NO: 14) is shown as a stick model. The
linker region from one of keratinases (light gray) is located
in the active site of the other keratinase (dark gray). (B) A
close look of the active site of the keratinase. The active site
residues (Asp39, His72 and Ser224) and the residues
involved in substrate interaction are labeled.

DETAILED DESCRIPTION OF THE
INVENTION

Definitions

The terms used in this specification generally have their
ordinary meanings in the art, within the context of the
invention, and in the specific context where each term is
used. Certain terms that are used to describe the invention
are discussed below, or elsewhere in the specification, to
provide additional guidance to the practitioner regarding the
description of the invention. For convenience, certain terms
may be highlighted, for example using italics and/or quota-
tion marks. The use of highlighting has no influence on the
scope and meaning of a term; the scope and meaning of a
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term is the same, in the same context, whether or not it is
highlighted. It will be appreciated that same thing can be
said in more than one way. Consequently, alternative lan-
guage and synonyms may be used for any one or more of the
terms discussed herein, nor is any special significance to be
placed upon whether or not a term is elaborated or discussed
herein. Synonyms for certain terms are provided. A recital of
one or more synonyms does not exclude the use of other
synonyms. The use of examples anywhere in this specifica-
tion including examples of any terms discussed herein is
illustrative only, and in no way limits the scope and meaning
of the invention or of any exemplified term. Likewise, the
invention is not limited to various embodiments given in this
specification.

Unless otherwise defined, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention pertains. In the case of conflict, the present docu-
ment, including definitions will control.

As used herein, “around”, “about” or “approximately”
shall generally mean within 20 percent, preferably within 10
percent, and more preferably within 5 percent of a given
value or range. Numerical quantities given herein are
approximate, meaning that the term “around”, “about” or
“approximately” can be inferred if not expressly stated.

Protein secretion signal peptides determines the efficiency
of protein secretion. They include, but not limited to, alpha-
amylase signal peptide (SEQ ID NOs: 17, 18), glucoamylase
signal peptide (SEQ ID NOs: 19, 20), serum albumin signal
peptide (SEQ ID NOs: 21, 22), inulinase signal peptide
(SEQ ID NOs: 23, 24), invertase signal peptide (SEQ ID
NOs: 25, 26), killer virus signal peptide (SEQ ID NOs: 27,
28), Lysozyme signal peptide (SEQ ID NOs: 29, 30), mating
factor alpha-1 signal peptide (SEQ ID NOs: 31, 32), and
mating factor alpha-2 signal peptide (SEQ ID NOs: 33, 34).

As used herein, “an inhibitory domain of M. taiwanensis
WR-220 keratinase” refers to an amino acid sequence hav-
ing at least 90% identity to SEQ ID NO: 13. Thus, as used
herein “an inhibitory domain of M. taiwanensis WR-220
keratinase” includes a wild-type or a mutant inhibitory
domain of M. taiwanensis WR-220 keratinase, wherein the
mutant inhibitory domain comprises an amino acid sequence
having at least 90% identity to SEQ ID NO: 13.

As used herein, “a catalytic domain of M. taiwanensis
WR-220 keratinase” refers to a protease that comprises an
amino acid sequence having at least 90% identity to SEQ ID
NO: 14. Thus, as used herein “a catalytic domain of M.
taiwanensis WR-220 keratinase” includes a wild-type or a
mutant catalytic domain of M. taiwanensis WR-220 kerati-
nase, wherein the mutant catalytic domain comprises an
amino acid sequence having at least 90% identity to SEQ ID
NO: 14.

M. taiwanensis WR-220, a thermophilic species found in
Taiwan, habits in the temperature ranging from 55 to 65° C.
The proteins produced in M. taiwanensis must remain stable
at temperature over 55° C., an ability that renders the
proteins suitable for industrial use.

The invention relates to the discovery of M. taiwanensis
keratinase that not only possesses a high stability against
heat, acidic and basic environment but also exhibits a wide
range proteolytic activity. The heat and acid tolerance is
useful for industrial applications.

The invention further relates to an expression plasmid for
the production of recombinant M. taiwanensis WR-220
keratinase as secreted protein using methylotrophic Pichia
pastori expression systems, which is under the control of the
promoter of alcohol oxidase gene. P. pastoris itself does not
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secrete any endogenous keratinase into the cultivation
medium. In addition, P. pastoris is generally regarded as safe
(GRAS) and has an added advantage for recombinant kera-
tinase production.

It was discovered that M. taiwanensis WR-220 was able
to degrade feathers. The corresponding keratinase was then
isolated and its DNA and amino acid sequences were
identified. The keratinase with a fusion tag was cloned to the
vector for recombinant protein production using E. coli
expression system. The recombinant and truncated kerati-
nase showed a wide range protease activity that could
hydrolyze proteins in skim milk, casein, elastin and feathers.
Moreover, the recombinant keratinase not only possessed a
high stability against heat, acidic and basic environment but
also exhibited a wide range of proteolytic activity, which
may be useful for industrial applications.

Inhibitory domain DNA sequence: SEQ ID NO: 11;
Catalytic domain DNA sequence: SEQ ID NO: 12. Inhibi-
tory domain protein sequence: SEQ ID NO: 13; Catalytic
domain protein sequence: SEQ ID NO: 14.

Examples

Without intent to limit the scope of the invention, exem-
plary instruments, apparatus, methods and their related
results according to the embodiments of the present inven-
tion are given below. Note that titles or subtitles may be used
in the examples for convenience of a reader, which in no
way should limit the scope of the invention. Moreover,
certain theories are proposed and disclosed herein; however,
in no way they, whether they are right or wrong, should limit
the scope of the invention so long as the invention is
practiced according to the invention without regard for any
particular theory or scheme of action.

Methods and Materials

Cell Culture and Feather Degradation Assay.

M. taiwanensis WR-220, a gift from Dr. San-San Tsay,
was incubated in a modified 7kermus medium (TM
medium) at 55° C. The modified TM medium contained
0.3% of peptone, 0.1% of yeast extract, 0.1% of glutamic
acid, and 1x Castenholtz salts (pH 7.8). For the feather
degradation, 1% of the overnight culture was added to the
medium supplemented with 3% (w/v) intact chicken feathers
and 1x Castenholtz salts at 55° C. and 65° C. The change in
the weight of remaining feathers in the culture was exam-
ined by weighting the insoluble residues along the cultiva-
tion. The insoluble residues were obtained and weighted
after the filtration of the culture using filter papers. The
amount of the released amino acids from decayed feathers
was quantified by the ninhydrin colorimetric method
(Rosen, H. A “Modified ninhydrin colorimetric analysis for
amino acids” Arch Biochem Biophys (1957) 67, 10-15).

Isolation of Keratinase from M. taiwanensis WR-220.

M. taiwanensis was cultured in 4 liters of TM medium.
The cultivated medium was centrifuged at 6,000xg for 20
minutes and the supernatant was filtered with a 0.22 um filter
to remove microbes and insoluble residues. The collected
supernatant was concentrated and buffer exchanged to 50
ml PBS buffer (pH 7.4) using a LABSCALE™ TFF system
(Millipore, USA). The pigments were removed by ultracen-
trifugation at 137.24xg and the supernatant was further
concentrated to 2 mL using Amicon-Ultra 15 centrifugal
filter devices. The concentrated sample was loaded into a
1-mL resource S column (GE Healthcare, USA) pre-equili-
brated with 50 mM sodium acetate buffer (pH 5.0). The
protein was eluted with a linear gradient of NaCl from 0 to
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1 M in 50 mM sodium acetate buffer (pH 5.0). Each fraction
was collected and examined for feather degradation ability
using zymography assay.

Zymography Assay and Identification of Amino Acid
Sequence of Keratinase.

Proteins in each chromatographic fraction were further
separated by 4 to 20% SDS-PAGE using Laemmli method
(Laemmli, U. K. “Cleavage of structural proteins during the
assembly of the head of bacteriophage T4 Nature (1970)
227, 680-685). The SDS-PAGE was washed with a 1.5%
Triton X-100 solution twice, which allowed the target extra-
cellular proteases in SDS-PAGE to retain their activities for
further zymography assay. The renatured gel was then put on
1% agarose with keratin/casein powder in PBS buffer. Areas
of proteolytic activities appeared as clear zones of lysis in
the stained agarose replica. The proteins in the areas of
proteolytic activities were identified by a standard proteomic
analysis using M. taiwanensis genomic sequence as the
reference (our unpublished result, NCBI bioproject submis-
sion ID: SUB251796 and bioproject ID: PRINA205607).
The proteomics analyses indicated that the annotated
SPR2261 was most likely to be keratinase.

Molecular Cloning of Keratinase Gene to Protein Expres-
sion Vector.

The chromosomal DNA extracted using standard phenol
extraction method was used to amplify keratinase gene using
phusion flash high-fidelity PCR master mix (Thermo Sci-
entific, USA) with forward

(5'TTA AGA AGG AGA TAT ACC

ATG CTA GCC CCG GTG CTA GGA; SEQ ID NO: 1)

and reverse

(5'GAT TGG AAG TAG AGG TTC TCT GC G

TAA TTG CTG TAC AGC AGC AGG TTG; SEQ ID NO: 2)

primers. The sites for cloning purpose are underlined. The
PCR products were purified by electrophoresis and treated
with T4 DNA polymerase in the presence of dGTP. The
modified pET9 vector that contained the corresponding
ligation independent cloning site, TEV protease site, and two
affinity tags (6xHis and Strep) was amplified by phusion
flash high-fidelity PCR master mix, followed by dpnl treat-
ment (Thermo Scientific, USA) and purified by PCR clean
up kit (Geneaid, Taiwan). The linearized vector was then
treated with T4 DNA polymerase (Thermo Scientific, USA)
in the presence of dCTP. The keratinase gene and the vector
were annealed and transformed into E. coli DH5a. The
plasmid encoding keratinase extracted from successful
clones was sent for DNA sequence analysis and the trans-
lated protein sequence was listed in FIG. 8B (SEQ ID NO:
4).

Enzyme Purification and Preparation.

The plasmid containing keratinase was transformed into
E. coli (DE3) ArticExpress cell and grown overnight at 37°
C. in 20 mL of TB medium containing 50 pg/ml of
kanamycin and 10 ng/mL of tetracycline. The cultures were
transferred into 1 L. of TB containing the antibiotics, 5%
lactose and 0.5% glucose at 37° C. for 4 h and then were
cooled to 20° C. for overnight expression. The cells were
harvested by centrifugation at 6000xg for 30 min and
resuspended by lysis buffer (20 mM imidazole, 250 mM
NaCl, and 50 mM HEPES, pH 8.0) in the presence of DNase
1(5 pg/mL) and lysozyme (1 mg/mL) on ice for 30 min. The
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cells were disrupted by sonication, followed by centrifuga-
tion at 20000xg for 30 min. The supernatant was loaded onto
a 2 mL Ni Sepharose (GE healthcare) column that was
pre-equilibrated with 20 mL lysis buffer. The column was
washed by 25 mL wash buffer (50 mM imidazole, 250 mM
NaCl, and 50 mM HEPES, pH 8.0). The keratinase was
eluted with 10 mL elution buffer (250 mM imidazole, 250
mM NaCl, and 50 mM HEPES, pH 8.0). The eluted kera-
tinase was dialyzed against the solution containing 10 mM
CaCl,, 150 mM NaCl and 50 mM HEPES, pH8.0 and
concentrated to ~10 mg/ml.. The molecular weight of
recombinant keratinase was determined by protein electro-
phoresis and MS spectrometry.

Crystallization, Data Collection and Structure Determi-
nation.

The keratinase was crystallized in 0.2M lithium sulfate, 0.
IM sodium acetate and 50% PEG400 at 19° C. using a sitting
drop vapor diffusion method. Crystals were flash-cooled in
liquid nitrogen prior to data collection. X-ray diffraction data
were collected at 15A beamline of National Synchrotron
Radiation Resource Center on an ADSC Q315 detector at
100K. Data were processed using HKI.2000 program suite.
The structure of the keratinase was determined by molecular
replacement using the crystal structure of Aqualysin I (PDB
ID: 4DZT). Models were iteratively rebuilt in COOT and
refined in Refmac5.

Paper Disk-Agar Diffusion Assay for Keratinase and
Protease Activity.

Protease or keratinase activities were measured by 1%
agarose supplemented with 1% skim milk, 1% casein, 1%
elastin, or 1% feather powder in 150 mM NaCl,, 10 mM
CaCl, and 50 mM CHES buffer at pH8.6. Disc-shaped filter
papers soaked with keratinase were lightly pressed onto the
agar surface at 55° C. A clear zone around each disc
indicated protease or keratinase activities.

The Heat and pH Tolerance Tests.

For the heat tolerance test, keratinase solutions (1.6
mg/mL in the solution containing 10 mM CaCl,, 150 mM
NaCl and 50 mM HEPES at pH8.0) were heated to corre-
sponding temperatures for 2 mins. For the pH tolerance test,
keratinase solutions (1.6 mg/ml.) were prepared in the
solutions containing 10 mM CaCl, and 100 mM correspond-
ing buffers (phosphate, pH 2.0; citric acid, pH 3.0; citric
acid, pH 4.0; phosphate, pH 5.0; phosphate, pH 6.0; phos-
phate, pH7.0; HEPES, pH 8.0; TAPS, pH 8.0; borate, pH
9.0; CAPS, pH 10.0; CAPS, pH 11.0). The remaining
protease activities were examined by a paper disk-agar
diffusion assay using a 5% skim milk agar plate.

Construct of the Recombinant Plasmids.

The pHTPY2 vector was modified by removing its clon-
ing, TEV and part of 6x His tag sites and incorporating the
designed ligation independent site, TEV and 8xHis tag sites
right after the alpha factor signal sequence, Kex2 signal
cleavage and Stel3 signal cleavage sites (Wang et al.
“Parallel Gene Cloning and Protein Production in Multiple
Expression Systems” Biotechnol Progr (2009) 25, 1582-
1586). Two different recombinant M. taiwanensis WR-220
keratinase gene constructs were amplified by PCR and
ligated  with  the  modified pHTYP2. One,
pHTPY2_spr2261lic, contained the inhibitory domain and
the catalytic domain (FIGS. 10A-B) and the other,
pHTPY2_spr2261c, only contained the catalytic domain
(FIG. 11A-B). The recombinant plasmids, pHTPY2
spr2261ic and pHTPY2_spr2261c were transformed into E.
coli DHS5a. on low salt LB agar plates with 25 pg/ml zeocin.
The positive clones were identified by colony PCR and the
sequences were confirmed by DNA sequencing.
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Transformation.

About 35 pg plasmids were linearized using pmel and
purified by alcohol precipitation prior to transformation into
P pastoris X33 strain by electroporation. The positive
colonies were chosen from YPDS plates with 100 pg/ml
zeocin at 30° C. and validated by the MD/MM plate method.

Small Scale Keratinase Production.

The positive colonies were cultivated in 5 ml of YPD
medium with 100 ng/ml zecoin at 29° C. under agitation at
300 rpm in dark. The cells were collected by centrifugation
until OD600 of 2-6 was reached and diluted to BMM
medium (1.34% YNB, 4 E-5% biotin, 0.5% methanol and
100 mM potassium phosphate, pH 5.0) with 100 pg/ml
ampicillin until OD600 value was reached to 2. Cells were
cultured at 30° C. under agitation at 300 rpm. After one day
incubation, the culture medium was supplemented with
methanol to a final concentration of 0.5% every day. The
culture supernatant was collected every 24 hour until day 5
and stored at 4° C.

SDS-PAGE and Mass Spectrometry Analyses.

The proteins in 480 pl of the culture supernatant were
precipitated by addition of 120 ul of 100% TCA for 10 mins
on ice, followed by centrifugation. The pellets were washed
by 200 pl of cold acetone for three time and incubated at 95°
C. for 5-10 mins to remove remaining acetone prior to the
SDS-PAGE electrophoresis. The bands observed in the
SDS-PAGE was treated by in-gel tryptic digestion prior to
Mass spectrometric characterization.

Paper Disk-Agar Diffusion Assay for Protease Activity
after Heat/pH Pretreatment.

Protease activities were detected by 1% agarose supple-
mented with 1% skim milk powder in 150 mM NaCl,, 10
mM CaCl, and 50 mM HEPES buffer at pH8.0. Disc-shaped
filter papers soaked with culture supernatant were lightly
pressed onto the agar surface at 55° C. A clear zone around
each disc indicated protease or keratinase activities.
Results
Keratinase Ability of Meiothermus taiwanensis WR-220

M. taiwanensis WR-220 was incubated in the medium
with insoluble feathers as the only source of nutrients. The
cloudy medium and reduction of feathers indicated that
degradation occurred (FIG. 1A), suggesting M. taiwanensis
could produce enzymes to consume feathers (FIG. 1). It was
further found that M. taiwanensis WR-220 was able to
degrade half of 3% feathers and release free amino acids
from feathers in 2 days at 55° C. and 65° C. (FIGS. 1A-C).
Isolation and Identification Keratinase

M. taiwanensis was removed from the growth medium
and it was further found that the keratinase activity was kept
in the medium, suggesting keratinase was produced as a
secreted form. The total proteins were fractionated from the
medium using ion exchange chromatography. The fraction-
ated proteins were further separated by protein electropho-
resis, following by zymography assay (FIGS. 2A-B). The
zymography assay clearly showed that proteins in multiple
areas of gel could digest keratin/casein. We then applied
proteomics methods to identify the proteins in those areas
using our genomic sequencing result (NCBI bioproject
submission ID: SUB251796) as the reference. The translated
amino acid sequence consisted of a predicted signal peptide,
the predicated inhibitory domain and the predicated catalytic
domain as shown in FIG. 8B (SEQ ID NO: 4). The cross
comparison indicated that the gene SPR2261 is the putative
keratinase of M. taiwanensis WR-220 (FIG. 8A; SEQ ID
NO: 3), however, the sequence of the catalytic core shares
only 39% sequence identity to the known keratinase from
Bacillus lifeniformis.
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Production of Recombinant Keratinase by E. coli Expres-
sion System

The keratinase gene (SPR2261) was amplified by PCR
and cloned into an expression plasmid containing a starting
codon and a fusion tag for E. coli expression system (FIG.
9A, SEQ ID NO: 5). The recombinant keratinase with an
expected molecular weight of ~41.5 KDa was expressed in
E. coli BL21 (DE3) Arctic cells and purified by affinity
chromatography. The results of protein electrophoresis indi-
cated that the molecular weight of the purified protein was
~28.5 kDa, suggesting a truncated form of cloned keratinase
(FIG. 3), which was consistent with the 28,468 Dalton found
by ESI-MS spectrometry. Our further structural analysis of
keratinase by protein crystallography showed that the trun-
cated form of the recombinant keratinase started from 102th
residue of the cloned amino acid sequence (FIG. 9B, SEQ ID
NO: 6).
Broad Protease Activity of Recombinant Keratinase and
Heat pH Pretreatment

The truncated form of the recombinant keratinase
revealed a broad range of proteolytic activities that degraded
not only proteins in feathers but also proteins in milk, casein
and elastin (FIG. 4). The recombinant keratinase retained
activities after being heated up to 95° C. or pre-incubation
in an acidic or basic solution (FIGS. 5A-B).
Cloning of M. taiwanensis WR-220 Keratinase Gene for
Yeast Expression System

The gene of the inhibitory and the catalytic domain of
keratinase (spr2261ic) and the gene of the catalytic domain
of keratinase (spr2261c) were, respectively, fused with the
yeast alpha-factor signal peptide (SEQ ID NO: 15), which
allows secretion of keratinase into the culture medium. The
constructed plasmids containing spr226lic and spr226lc
were named pHTPY2_spr2261lic and pHTPY?2_spr226lc,
respectively (FIGS. 10 and 11). The fused gene transcription
was under the control of alcohol oxidase 1 promoter
(AOX]1). The inserted gene were verified by DNA sequenc-
ing.
Recombinant Keratinase Production by P pastoris X-33
Strain

Twelve positive colonies containing pHTPY?2_spr2261ic
were chosen for recombinant keratinase production. Eight of
12 colonies were cultured and 5 out of 8 culture supernatants
showed protease activities in a paper disk-agar diffusion
assay, indicating that the keratinase was produced (FIG. 6).
The SDS-PAGE electrophoreses of the culture supernatants
showed two major protein bands (FIG. 7). A subsequent
Mass spectrometric characterization revealed that both pro-
tein bands contained the catalytic domain of: M. taiwanensis
keratinase. Based on our experience and crystal structure,
we believe that protein in the upper band was the catalytic
domain with the linker and 8xHis tag and the protein in the
lower band was the catalytic domain only. The estimated
molecular weight of the protein, which was based on the
band position in the SDS-PAGE, indicated that the inhibi-
tory domain was removed during protein production. This
result was similar to keratinase production using the E. coli
expression system. The data suggested that the major
secreted protein from the P. pastoris with our constructed
plasmid was the catalytic domain of 4. taiwanensis kerati-
nase.
The Requirement of the Inhibitory Domain for Recombinant
Keratinase Production

Although the constructed pHTPY?2 . . . spr2261ic plasmid
contained both the inhibitory domain and the catalytic
domain, the secreted protein showed no attachment of
N-terminal inhibitory domain. This phenomenon has been
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observed in M. taiwanensis keratinase production using F.
coli expression system. Furthermore, the constructed
pHTPY2 spr2261c plasmid containing no inhibitory
domain failed to produce keratinase, suggesting the require-
ment of the inhibitory domain for protein production even
though the final product did not contain the inhibitory
domain.
Structural Analysis of M. taiwanensis WR-220 Keratinase
Our crystal structure of M. taiwanensis WR-220 kerati-
nase has shown that the part of the linker region connecting
the catalytic domain and the His fusion tag is located in the
active site of the catalytic domain of the adjacent keratinase
(FIG. 12A). This data shows that the Ser221, His72 and
Asp39 are the catalytic residues (FIG. 12B; only the cata-
Iytic domain residue numbering is used; the first residue is
Ala and the second one is Thr; SEQ ID NO: 14). Moreover,
the structural analysis showed that Gly103, Ser104, Gly105,
Serl06, Leul31, Gly132, Gly133, Gly134, Alal56, Gly158,
Asnl59, Ser221, Gly222, Thr223 and Met225 are involved
in substrate interaction (FIG. 12B). The sequences shown in
FIGS. 10B, 11B are produced from yeast system. The
structural analyses were performed using keratinase pro-
duced by E. coli, expression system. The linker sequence

10

15

20

12

The foregoing description of the exemplary embodiments
of the invention has been presented only for the purposes of
illustration and description and is not intended to be exhaus-
tive or to limit the invention to the precise forms disclosed.
Many modifications and variations are possible in light of
the above teaching.

The embodiments and examples were chosen and
described in order to explain the principles of the invention
and their practical application so as to enable others skilled
in the art to utilize the invention and various embodiments
and with various modifications as are suited to the particular
use contemplated. Alternative embodiments will become
apparent to those skilled in the art to which the present
invention pertains without departing from its spirit and
scope. Accordingly, the scope of the present invention is
defined by the appended claims rather than the foregoing
description and the exemplary embodiments described
therein.

Some references, which may include patents, patent appli-
cations and various publications, are cited and discussed in
the description of this invention. The citation and/or discus-
sion of such references is provided merely to clarify the
description of the present invention and is not an admission
that any such reference is “prior art” to the invention
described herein. All references cited and discussed in this

used in yeast system expression system was GNLYFQS 25 gpecification are incorporated herein by reference in their
(SEQ ID NO: 16). In E. coli system, the residue G was entireties and to the same extent as if each reference was
replaced by E. individually incorporated by reference.
SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 34

<210> SEQ ID NO 1

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer

<400> SEQUENCE: 1

ttaagaagga gatataccat gctagccccg gtgctagga 39

<210> SEQ ID NO 2

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer

<400> SEQUENCE: 2

gattggaagt agaggttctc tgcgtaattg ctgtacagca gcaggttg 48

<210> SEQ ID NO 3

<211> LENGTH: 1209

<212> TYPE: DNA

<213> ORGANISM: Meiothermus taiwanensis sp. nov.

<400> SEQUENCE: 3

atgtaccgtc tagtttggat cgcgetgttg ttgttactgg catcctgegg aaaccgtgeg 60

acccccgaca acctageccce ggtgctagga ctggataacce ccaacgttat ccaggggcag 120

tacattgtgg tctacaagga tgatgccaac gtgctgccca ccctgcaaag cctgaaagcec 180

gctttagatg ggggtgtaac ccttcagegg gaactggaaa gcoctggggcet ggcacccgac 240

gccagggttyg agcaggttta caccgectget ctgetgggge ttgeggeceg getatcaccce 300
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-continued
gagaatttag ccgcgetgeg gcaggatccee cgggtggect acatcgaggce cgaccaggte 360
atgagcatca gcgccaccca gaccggtgeg acctggggece tggatcgcat agaccagcge 420
accctacccee tcageggtac cttcacctac agcaacacgg gcagceggegt gaacgectac 480
atcatcgata ccggtatccg ggtgagecac agegagtttyg geggteggge cacggeggtt 540
ttecgacgceta ttggagacgg ccagaatgge aacgactgca acggccatgg cacccatgtg 600
gectggaacygyg taggcggcac ggtctacgge gtagccaaaa gegtgeggtt gtacgeggtg 660
cgggtgetta attgcagegg ctegggeage aactegggeyg taattgceegyg ggtggactgg 720
gtgcggcaga atgcccggag gccageggta gccaacatga gectgggtgg gggggcecteg 780
agcgeccteg ataccgeggt caataacgec atcaacgecyg ggattacctt tgcectggece 840
gcaggtaaca gcaaccgcga cgcctgecag ttetegecag cecgegtcac tgcaggcatt 900
accgtggggg ccaccacctce caccgacgece agggectect attccaacta cggtagetge 960
ctcgacctet tecgccccecegg ctettecate accteggect ggattagcag cgacacctceg 1020
accaacacca tcagcggaac ctcgatggece accccccatyg tggecggggt ageggetttg 1080
tacctgcaaa gcaaccccag tgccageccce gecaccgtge gcaacgcecat tgtgggcaac 1140
gccacttegg gtgtggtgag caacgcceggg cggcgttcecge ccaacctget gctgtacage 1200
aattactga 1209

<210> SEQ ID NO 4
<211> LENGTH: 402

<212> TYPE

<213> ORGANISM: Meiothermus

PRT

<400> SEQUENCE: 4

Met Tyr Arg Leu Val Trp Ile Ala

1

Gly Asn Arg

5

Ala Thr Pro Asp Asn

20

Asn Pro Asn Val Ile Gln Gly Gln

35

Ala Asn Val

50

Gly Val Thr

65

Ala Arg Val

Arg Leu Ser

Ala Tyr Ile

115

Gly Ala Thr

130

Ser Gly Thr

145

Ile Ile Asp

Ala Thr Ala

40

Leu Pro Thr Leu Gln

55

Leu Gln Arg Glu Leu

70

Glu Gln Val Tyr Thr

85

Pro Glu Asn Leu Ala

100

Glu Ala Asp Gln Val

120

Trp Gly Leu Asp Arg

135

Phe Thr Tyr Ser Asn
150

Thr Gly Ile Arg Val

165

Val Phe Asp Ala Ile

180

Cys Asn Gly His Gly Thr His Val

195

200

taiwanensis sp.

Leu Leu Leu
10

Leu Ala Pro
25

Tyr Ile Val

Ser Leu Lys

Glu Ser Leu

75

Ala Ala Leu
90

Ala Leu Arg
105

Met Ser Ile

Ile Asp Gln
Thr Gly Ser
155

Ser His Ser
170

Gly Asp Gly
185

Ala Gly Thr

nov.

Leu Leu Ala

Ser Cys
15

Val Leu Gly Leu Asp

30

Val Tyr Lys

45

Asp Asp

Ala Ala Leu Asp Gly

60

Gly Leu Ala

Pro Asp
80

Leu Gly Leu Ala Ala

Gln Asp Pro
110

Ser Ala Thr

125

95

Arg Val

Gln Thr

Arg Thr Leu Pro Leu

140

Gly Val Asn Ala Tyr

160

Glu Phe Gly Gly Arg

175

Gln Asn Gly Asn Asp

190

Val Gly Gly Thr Val

205
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16

Tyr Gly Val
210

Cys Ser Gly
225

Val Arg Gln

Gly Gly Ala

Ala Gly Ile

275

Cys Gln Phe
290

Thr Thr Ser
305

Leu Asp Leu

Ser Asp Thr

His Val Ala

355

Ser Pro Ala
370

Val Val Ser

Asn Tyr

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Lys Ser Val Arg

215

Ser Gly Ser Asn Ser
230

Asn Ala Arg Arg Pro

245

Ser Ser Ala Leu Asp

260

Thr Phe Ala Leu Ala

280

Ser Pro Ala Arg Val

295

Thr Asp Ala Arg Ala
310

Phe Ala Pro Gly Ser

325

Ser Thr Asn Thr Ile

340

Gly Val Ala Ala Leu

360

Thr Val Arg Asn Ala

375

Asn Ala Gly Arg Arg
390

D NO 5
H: 1203
DNA

Leu Tyr Ala
Gly Val Ile
235

Ala Val Ala
250

Thr Ala Val
265

Ala Gly Asn

Thr Ala Gly

Ser Tyr Ser
315

Ser Ile Thr
330

Ser Gly Thr
345

Tyr Leu Gln

Ile Val Gly

Ser Pro Asn
395

<213> ORGANISM: Meiothermus taiwanensis sp.

<400> SEQUENCE: 5

atgctagece

gtctacaagg

gggggtgtaa

gagcaggttt

geegegetge

agcgccaccec

ctcageggta

accggtatce

attggagacg

gtaggcggca

aattgcageg

aatgccegga

gataccgegyg

agcaaccgeg

gccaccacct

ttegeeeeeyg

atcagcggaa

cggtgctagg

atgatgccaa

cecctteageg

acaccgetge

ggcaggatce

agaccggtge

ccttcaccta

gggtgagcca

gccagaatgg

cggtctacgyg

gctcgggcag

ggccagcggt

tcaataacge

acgectgeca

ccaccgacge

getettecat

cctegatgge

actggataac

cgtgetgece

ggaactggaa

tCthtgggg

CnggtggCC

gacctggggc

cagcaacacg

cagcgagttt

caacgactge

cgtagccaaa

caactecggge

agccaacatg

catcaacgcc

gttcetegeca

cagggectec

caccteggec

cacccceccat

cccaacgtta

accctgcaaa

agcctggggc

cttgeggece

tacatcgagg

ctggatcgea

dgcageggceyg

ggcggtceggy

aacggccatg

agcgtgegge

gtaattgccyg

agcctgggtg

gggattacct

gecegegtea

tattccaact

tggattagca

gtggcegggy

Val Arg Val
220

Ala Gly Val

Asn Met Ser

Asn Asn Ala

270

Ser Asn Arg
285

Ile Thr Val
300

Asn Tyr Gly

Ser Ala Trp

Ser Met Ala

350

Ser Asn Pro
365

Asn Ala Thr
380

Leu Leu Leu

nov.

tccaggggea
gectgaaage
tggcacccga
ggctatcacce
ccgaccaggt
tagaccagcg
tgaacgccta
ccacggceggt
gcacccatgt
tgtacgcggt
gggtggactg
ggggggcectce
ttgccectgge
ctgcaggcat
acggtagcetyg
gegacaccte

tagcggettt

Leu Asn
Asp Trp
240

Leu Gly
255

Ile Asn

Asp Ala

Gly Ala

Ser Cys
320

Ile Ser
335

Thr Pro

Ser Ala

Ser Gly

Tyr Ser
400

gtacattgtg
cgctttagat
cgccagggtt
cgagaattta
catgagcatc
caccctacce
catcatcgat
tttcgacget
ggctggaacyg
gegggtgett
ggtgcggcag
gagegeccte
cgcaggtaac
taccgtgggg
cctegaccte
gaccaacacc

gtacctgcaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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-continued

agcaacccca gtgccagece cgccaccegtg cgcaacgcca ttgtgggcaa cgccactteg 1080
ggtgtggtga gcaacgccgg gcggcgtteg cccaacctge tgctgtacag caattacgag 1140
aacctctact tccaatcgca ccatcatcac caccattgga gccatccgca gtttgaaaaa 1200
tag 1203
<210> SEQ ID NO 6

<211> LENGTH: 400

<212> TYPE: PRT

<213> ORGANISM: Meiothermus taiwanensis sp. nov.

<400> SEQUENCE: 6

Met Leu Ala Pro Val Leu Gly Leu Asp Asn Pro Asn Val Ile Gln Gly
1 5 10 15

Gln Tyr Ile Val Val Tyr Lys Asp Asp Ala Asn Val Leu Pro Thr Leu
20 25 30

Gln Ser Leu Lys Ala Ala Leu Asp Gly Gly Val Thr Leu Gln Arg Glu
35 40 45

Leu Glu Ser Leu Gly Leu Ala Pro Asp Ala Arg Val Glu Gln Val Tyr
50 55 60

Thr Ala Ala Leu Leu Gly Leu Ala Ala Arg Leu Ser Pro Glu Asn Leu
65 70 75 80

Ala Ala Leu Arg Gln Asp Pro Arg Val Ala Tyr Ile Glu Ala Asp Gln
85 90 95

Val Met Ser Ile Ser Ala Thr Gln Thr Gly Ala Thr Trp Gly Leu Asp
100 105 110

Arg Ile Asp Gln Arg Thr Leu Pro Leu Ser Gly Thr Phe Thr Tyr Ser
115 120 125

Asn Thr Gly Ser Gly Val Asn Ala Tyr Ile Ile Asp Thr Gly Ile Arg
130 135 140

Val Ser His Ser Glu Phe Gly Gly Arg Ala Thr Ala Val Phe Asp Ala
145 150 155 160

Ile Gly Asp Gly Gln Asn Gly Asn Asp Cys Asn Gly His Gly Thr His
165 170 175

Val Ala Gly Thr Val Gly Gly Thr Val Tyr Gly Val Ala Lys Ser Val
180 185 190

Arg Leu Tyr Ala Val Arg Val Leu Asn Cys Ser Gly Ser Gly Ser Asn
195 200 205

Ser Gly Val Ile Ala Gly Val Asp Trp Val Arg Gln Asn Ala Arg Arg
210 215 220

Pro Ala Val Ala Asn Met Ser Leu Gly Gly Gly Ala Ser Ser Ala Leu
225 230 235 240

Asp Thr Ala Val Asn Asn Ala Ile Asn Ala Gly Ile Thr Phe Ala Leu
245 250 255

Ala Ala Gly Asn Ser Asn Arg Asp Ala Cys Gln Phe Ser Pro Ala Arg
260 265 270

Val Thr Ala Gly Ile Thr Val Gly Ala Thr Thr Ser Thr Asp Ala Arg
275 280 285

Ala Ser Tyr Ser Asn Tyr Gly Ser Cys Leu Asp Leu Phe Ala Pro Gly
290 295 300

Ser Ser Ile Thr Ser Ala Trp Ile Ser Ser Asp Thr Ser Thr Asn Thr
305 310 315 320

Ile Ser Gly Thr Ser Met Ala Thr Pro His Val Ala Gly Val Ala Ala
325 330 335
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Leu

Ala

Arg

Gln
385

<210>
<211>
<212>
<213>
<220>
<223>

Tyr

Ile

Ser

370

Ser

Leu

Val

355

Pro

His

Gln Ser Asn Pro Ser

340

Gly Asn Ala Thr Ser

360

Asn Leu Leu Leu Tyr

375

His His His His His
390

SEQ ID NO 7
LENGTH: 4666
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: PpHTPY2 spr226lic

<400> SEQUENCE: 7

agatctaaca

gtccattete

tgcaaacgca

agcccagtta

acaccatgac

tttccgaatg

agtgtggggt

gtcttggaac

ttgaaatgct

cttgtttggt

ctctateget

ttttggatga

getgatagee

atataaacag

actttcataa

caacttgaga

tactgetgtt

agatgaaacg

tttcgatgtt

tactactatt

tgaagcagaa

caacgttatc

cctgcaaage

CCtggggCtg

tgcggeccgg

catcgaggec

ggatcgcata

cageggegtyg

tccaaagacyg

acacataagt

ggacctccac

ttgggcttga

tttattagec

caacaagctce

caaatagttt

ctaatatgac

aacggccagt

attgattgac

tctgaacccee

ttatgcattg

taacgttcat

aaggaagctg

ttgcgactygg

agatcaaaaa

ttattcgecag

gcacaaattce

getgttttge

gccageattyg

ggaattggag

caggggcagt

ctgaaageceg

gcacccgacyg

ctatcacceg

gaccaggtca

gaccagcgca

aacgcctaca

aaaggttgaa

gccaaacgca

tcctettete

ttggagcteg

tgtctatect

cgcattacac

catgtteccee

aaaagcgtga

tggtcaaaaa

gaatgctcaa

ggtgcaccty

tctccacatt

gatcaaaatt

ccctgtetta

ttccaattga

acaactaatt

catccteege

cggctgaage

cattttccaa

ctgctaaaga

tggcaggaat

acattgtggt

ctttagatgg

ccagggttga

agaatttagc

tgagcatcag

ccctaccecect

tcatcgatac

Ala Ser Pro
345

Gly Val Val

Ser Asn Tyr

Trp Ser His
395

tgaaaccttt
acaggagggy
ctcaacacce
ctcattccaa
ggccccecty
ccgaacatca
aaatggccca
tctcatccaa
gaaacttcca
aaataatctce
tgccgaaacy
gtatgcttee
taactgttect
aacctttttt
caagcttttyg
attcgaaacg
attagctget
tgtcatcggt
cagcacaaat
agaaggggta
gctageccey
ctacaaggat
gggtgtaacc
gcaggtttac
cgegetgegy
cgccacccag
cagcggtace

cggtatcegyg

Ala Thr Val
350

Ser Asn Ala

365

Arg Asn

Gly Arg

Glu Asn Leu Tyr Phe

380

Pro Gln Phe

ttgccateeyg

atacactagce

acttttgeca

ttccttctat

gegaggttca

ctccagatga

aaactgacag

gatgaactaa

aaagtcggca

attaatgett

caaatgggga

aagattctgyg

aacccctact

tttatcatca

attttaacga

atgagatttce

ccagtcaaca

tactcagatt

aacgggttat

tctetegaaa

gtgctaggac

gatgccaacg

cttcagceggy

accgetgete

caggatccce

accggtgega

ttcacctaca

gtgagccaca

Glu Lys
400

acatccacag
agcagaccgt
tcgaaaaacc
taggctacta
tgtttgttta
gggetttetg
tttaaacgct
gtttggtteg
tacegtttgt
agcgcagtet
aacacccget
tgggaatact
tgacagcaat
ttattagett
cttttaacga
cttctatttt
ctacaacaga
tagaagggga
tgtttataaa
aaagagaggc
tggataaccc
tgctgeccac
aactggaaag
tgctgggget
gggtggcecta
cctggggect
gcaacacggg

gcgagtttgg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680



21

US 9,434,934 B2

22

-continued
cggtcgggece acggeggttt tegacgctat tggagacggce cagaatggca acgactgcaa 1740
cggcecatgge acccatgtgg ctggaacggt aggcggcacyg gtctacggeyg tagccaaaag 1800
cgtgeggttg tacgcggtge gggtgcttaa ttgcagegge tcgggcagca actcgggegt 1860
aattgccggg gtggactggg tgcggcagaa tgcccggagyg ccageggtag ccaacatgag 1920
cetgggtggyg ggggectega gegcecctega taccgeggte aataacgcca tcaacgecgg 1980
gattaccttt gcecctggcecg caggtaacag caaccgcgac gcectgccagt tctegcecage 2040
cegegteact gcaggcatta cecgtggggge caccacctece accgacgceca gggectecta 2100
ttccaactac ggtagctgece tcecgacctcett cgeccccecegge tetteccatca ceteggectg 2160
gattagcage gacacctcga ccaacaccat cagcggaacce tcgatggeca ccccccatgt 2220
ggcecggggta geggetttgt acctgcaaag caaccccagt gecageccceg ccaccgtgeg 2280
caacgccatt gtgggcaacg ccacttcggg tgtggtgagce aacgccgggce ggcgttegece 2340
caacctgctg ctgtacagca attacgggaa cctctacttc caatcgcatc atcatcatca 2400
tcatcaccat tgagtttgta gccttagaca tgactgttcc tcagttcaag ttgggcactt 2460
acgagaagac cggtcttgcect agattctaat caagaggatg tcagaatgcc atttgcctga 2520
gagatgcagg cttcattttt gatacttttt tatttgtaac ctatatagta taggattttt 2580
tttgtcattt tgtttcttet cgtacgagct tgctcecctgat cagcctatct cgcagctgat 2640
gaatatcttg tggtaggggt ttgggaaaat cattcgagtt tgatgttttt cttggtattt 2700
cccactecte ttcagagtac agaagattaa gtgagacctt cgtttgtgcg gatcccccac 2760
acaccatagc ttcaaaatgt ttctactcct tttttactect tccagatttt ctecggactcece 2820
gcgcatcgee gtaccacttce aaaacaccca agcacagcat actaaatttt ccctetttet 2880
tcetectaggg tgtcecgttaat tacccecgtact aaaggtttgg aaaagaaaaa agagaccgcce 2940
tcgtttettt ttcecttegteg aaaaaggcaa taaaaatttt tatcacgttt ctttttettg 3000
aaattttttt ttttagtttt tttctcecttte agtgacctcce attgatattt aagttaataa 3060
acggtcttca atttctcaag tttcagtttc atttttettg ttctattaca acttttttta 3120
cttcttgttc attagaaaga aagcatagca atctaatcta aggggcggtg ttgacaatta 3180
atcatcggca tagtatatcg gcatagtata atacgacaag gtgaggaact aaaccatggc 3240
caagttgacc agtgccgtte cggtgctcac cgcgcgcgac gtcgccggag cggtcgagtt 3300
ctggaccgac cggctcgggt tcectcecccecggga cttegtggag gacgactteg ceggtgtggt 3360
cecgggacgac gtgaccctgt tcatcagege ggtccaggac caggtggtge cggacaacac 3420
cctggectgg gtgtgggtge geggcectgga cgagctgtac gecgagtggt cggaggtegt 3480
gtecacgaac tteccgggacyg cctecgggece ggccatgace gagatceggeg agcagccgtyg 3540
ggggcegggayg ttegecctge gcgaccegge cggcaactge gtgcactteg tggecgagga 3600
gcaggactga cacgtccgac ggcggeccac gggtcecagg cctceggagat cegtceccect 3660
tttcectttgt cgatatcatg taattagtta tgtcacgcett acattcacge cctecccccca 3720
catccgcetet aaccgaaaag gaaggagtta gacaacctga agtctaggtce cctatttatt 3780
tttttatagt tatgttagta ttaagaacgt tatttatatt tcaaattttt ctttttttte 3840
tgtacagacg cgtgtacgca tgtaacatta tactgaaaac cttgcttgag aaggttttgg 3900
gacgctcgaa ggctttaatt tgcaagctgg agaccaacat gtgagcaaaa ggccagcaaa 3960
aggccaggaa ccgtaaaaag gecgcegttge tggegttttt ccataggcte cgccccectg 4020
acgagcatca caaaaatcga cgctcaagtc agaggtggeg aaacccgaca ggactataaa 4080
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gataccaggc gtttccceccecct ggaagctceccce tegtgegcte tectgttecg accctgecge 4140
ttaccggata cctgtccgece tttcectceectt cgggaagegt ggcgectttet caatgctcac 4200
gctgtaggta tcectcagttcg gtgtaggtceg ttcecgctccaa getgggectgt gtgcacgaac 4260
ccecegtteca geccgacege tgcgecttat ccggtaacta tegtecttgag tecaaccegg 4320
taagacacga cttatcgcca ctggcagcag ccactggtaa caggattagce agagcgaggt 4380
atgtaggcgg tgctacagag ttcttgaagt ggtggcctaa ctacggctac actagaagga 4440
cagtatttgg tatctgcgct ctgctgaagce cagttacctt cggaaaaaga gttggtagcet 4500
cttgatccgg caaacaaacc accgctggta gcggtggttt ttttgtttge aagcagcaga 4560
ttacgcgcag aaaaaaagga tctcaagaag atcctttgat cttttctacg gggtctgacg 4620
ctcagtggaa cgaaaactca cgttaaggga ttttggtcat gagatc 4666

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 8
H: 490
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: pHTPY2 spr226lic corresponding

prote

in

<400> SEQUENCE: 8

Met Arg Phe
1

Ala Leu Ala
Ile Pro Ala
35

Asp Val Ala
50

Phe Ile Asn
65

Ser Leu Glu

Met Leu Ala

Gln Tyr Ile

115

Gln Ser Leu
130

Leu Glu Ser
145

Thr Ala Ala

Ala Ala Leu

Val Met Ser

195

Arg Ile Asp
210

Asn Thr Gly
225

Pro Ser Ile Phe Thr

Ala Pro Val Asn Thr

Glu Ala Val Ile Gly

40

Val Leu Pro Phe Ser

55

Thr Thr Ile Ala Ser

70

Lys Arg Glu Ala Glu

Pro Val Leu Gly Leu

100

Val Val Tyr Lys Asp

120

Lys Ala Ala Leu Asp

135

Leu Gly Leu Ala Pro
150

Leu Leu Gly Leu Ala

165

Arg Gln Asp Pro Arg

180

Ile Ser Ala Thr Gln

200

Gln Arg Thr Leu Pro

215

Ser Gly Val Asn Ala
230

Ser Glu Phe Gly Gly

245

Ala

Thr

25

Tyr

Asn

Ile

Ala

Asp

105

Asp

Gly

Asp

Ala

Val

185

Thr

Leu

Tyr

Arg

Val

10

Thr

Ser

Ser

Ala

Glu

90

Asn

Ala

Gly

Ala

Arg

170

Ala

Gly

Ser

Ile

Ala
250

Leu

Glu

Asp

Thr

Ala

75

Gly

Pro

Asn

Val

Arg

155

Leu

Tyr

Ala

Gly

Ile
235

Thr

Phe Ala Ala
Asp Glu Thr
30

Leu Glu Gly
45

Asn Asn Gly
60

Lys Glu Glu

Ile Gly Val

Asn Val Ile
110

Val Leu Pro
125

Thr Leu Gln
140

Val Glu Gln

Ser Pro Glu

Ile Glu Ala
190

Thr Trp Gly
205

Thr Phe Thr
220

Asp Thr Gly

Ala Val Phe

expressed

Ser Ser
15

Ala Gln

Asp Phe

Leu Leu

Gly Val

80

Ala Gly

Gln Gly

Thr Leu

Arg Glu

Val Tyr

160

Asn Leu
175

Asp Gln

Leu Asp

Tyr Ser

Ile Arg

240

Asp Ala
255



25

US 9,434,

-contin

934 B2

ued

26

Ile Gly Asp

275

Arg Leu Tyr
290

Ser Gly Val
305

Pro Ala Val

Asp Thr Ala

Ala Ala Gly

355

Val Thr Ala
370

Ala Ser Tyr
385

Ser Ser Ile

Ile Ser Gly

Leu Tyr Leu

435

Ala Ile Val
450

Arg Ser Pro
465

Gln Ser His

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gly Gln Asn
260

Thr Val Gly

Ala Val Arg

Ile Ala Gly

310

Ala Asn Met
325

Val Asn Asn
340

Asn Ser Asn

Gly Ile Thr

Ser Asn Tyr

390

Thr Ser Ala
405

Thr Ser Met
420

Gln Ser Asn

Gly Asn Ala

Asn Leu Leu
470

His His His
485

D NO 9
H: 4363
DNA

Gly

Gly

Val

295

Val

Ser

Ala

Arg

Val

375

Gly

Trp

Ala

Pro

Thr

455

Leu

His

Asn

Thr

280

Leu

Asp

Leu

Ile

Asp

360

Gly

Ser

Ile

Thr

Ser

440

Ser

Tyr

His

Asp

265

Val

Asn

Trp

Gly

Asn

345

Ala

Ala

Cys

Ser

Pro

425

Ala

Gly

Ser

His

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: pHTPY2 spr226l1c

RE:

<400> SEQUENCE: 9

agatctaaca

gtccattete

tgcaaacgca

agcccagtta

acaccatgac

tttccgaatg

agtgtggggt

gtcttggaac

ttgaaatgct

cttgtttggt

ctctateget

ttttggatga

tccaaagacyg aaaggttgaa

acacataagt gccaaacgca

ggacctccac

ttgggcttga ttggagcteg

tttattagce tgtctatcct

caacaagctce cgcattacac

caaatagttt catgttccce

ctaatatgac aaaagcgtga

aacggccagt tggtcaaaaa

attgattgac gaatgctcaa

tctgaaccce ggtgcacctyg

ttatgcattyg tctccacatt

tcctettete

Cys

Tyr

Cys

Val

Gly

330

Ala

Cys

Thr

Leu

Ser

410

His

Ser

Val

Asn

His
490

Asn

Gly

Ser

Arg

315

Gly

Gly

Gln

Thr

Asp

395

Asp

Val

Pro

Val

Tyr
475

tgaaaccttt

acaggagggg

ctcaacaccce

ctcattccaa

ggccccecty

ccgaacatca

aaatggccca

tctcatccaa

gaaacttcca

aaataatctce

tgccgaaacy

gtatgcttee

Gly His Gly
270

Val Ala Lys
285

Gly Ser Gly
300

Gln Asn Ala

Ala Ser Ser

Ile Thr Phe

350

Phe Ser Pro
365

Ser Thr Asp
380

Leu Phe Ala

Thr Ser Thr

Ala Gly Val
430

Ala Thr Val
445

Ser Asn Ala
460

Gly Asn Leu

ttgccateeyg
atacactagce
acttttgeca
ttccttctat
gegaggttca
ctccagatga
aaactgacag
gatgaactaa
aaagtcggca
attaatgett
caaatgggga

aagattctgyg

Thr His

Ser Val

Ser Asn

Arg Arg

320

Ala Leu
335

Ala Leu

Ala Arg

Ala Arg

Pro Gly
400

Asn Thr
415

Ala Ala

Arg Asn

Gly Arg

Tyr Phe
480

acatccacag
agcagaccgt
tcgaaaaacc
taggctacta
tgtttgttta
gggetttetg
tttaaacgct
gtttggtteg
tacegtttgt
agcgcagtet
aacacccget

tgggaatact

60

120

180

240

300

360

420

480

540

600

660

720
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gctgatagece taacgttcat gatcaaaatt taactgttct aacccctact tgacagcaat 780
atataaacag aaggaagctg ccctgtctta aacctttttt tttatcatca ttattagcett 840
actttcataa ttgcgactgg ttccaattga caagcttttg attttaacga cttttaacga 900
caacttgaga agatcaaaaa acaactaatt attcgaaacyg atgagatttc cttctatttt 960
tactgctgtt ttattcgcag catccteccge attagctget ccagtcaaca ctacaacaga 1020
agatgaaacg gcacaaattc cggctgaagc tgtcatcggt tactcagatt tagaagggga 1080
tttcgatgtt gectgttttge cattttccaa cagcacaaat aacgggttat tgtttataaa 1140
tactactatt gccagcattg ctgctaaaga agaaggggta tctctcgaaa aaagagaggc 1200
tgaagcagaa ggaattggag tggcaggagce cacccagacce ggtgcgacct ggggectgga 1260
tcgcatagac cagcgcacce tacccctcag cggtacctte acctacagca acacgggcag 1320
cggcgtgaac gecctacatca tcgataccgg tatccgggtg agccacageg agtttggegg 1380
tcgggecacg geggtttteg acgctattgg agacggccag aatggcaacg actgcaacgg 1440
ccatggcace catgtggetg gaacggtagg cggcacggte tacggcegtag ccaaaagcgt 1500
gcggttgtac geggtgeggg tgcttaattg cagcggcteg ggcagcaact cgggcgtaat 1560
tgceggggty gactgggtge ggcagaatge ceggaggcca geggtageca acatgagect 1620
gggtggggygyg gectegageg ccectegatac cgceggtcaat aacgccatca acgccgggat 1680
tacctttgecce ctggccgcag gtaacagcaa ccgcgacgcce tgccagttet cgccagecccg 1740
cgtcactgca ggcattaccg tgggggccac cacctccacc gacgccaggg cctectatte 1800
caactacggt agctgccteg acctcttcecge cceceggetet tecatcacct cggectggat 1860
tagcagcgac acctcgacca acaccatcag cggaaccteg atggccacce cccatgtgge 1920
cggggtageg getttgtace tgcaaagcaa ccccagtgece agecccgeca ccgtgegcaa 1980
cgccattgtg ggcaacgcca cttecgggtgt ggtgagcaac geccgggcggce gttecgceccaa 2040
cctgctgetg tacagcaatt acgggaacct ctacttceccaa tcgcatcatce atcatcatca 2100
tcaccattga gtttgtagcc ttagacatga ctgttcctca gttcaagttg ggcacttacg 2160
agaagaccgg tcttgctaga ttctaatcaa gaggatgtca gaatgccatt tgcctgagag 2220
atgcaggctt catttttgat acttttttat ttgtaaccta tatagtatag gatttttttt 2280
gtcattttgt ttcttctegt acgagcttge tecctgatcag cctatctege agctgatgaa 2340
tatcttgtgg taggggtttyg ggaaaatcat tcgagtttga tgtttttctt ggtatttcce 2400
actcctette agagtacaga agattaagtg agaccttegt ttgtgecggat cccccacaca 2460
ccatagcttc aaaatgtttc tactcctttt ttactcttecce agattttcte ggactceccgeg 2520
catcgcegta ccacttcaaa acacccaagc acagcatact aaattttcce tetttettee 2580
tctagggtgt cgttaattac ccgtactaaa ggtttggaaa agaaaaaaga gaccgcctcg 2640
tttcttttte ttcgtcgaaa aaggcaataa aaatttttat cacgtttctt tttcttgaaa 2700
tttttttttt tagttttttt ctctttcagt gacctccatt gatatttaag ttaataaacg 2760
gtcttcaatt tctcaagttt cagtttcatt tttcttgttc tattacaact ttttttactt 2820
cttgttcatt agaaagaaag catagcaatc taatctaagg ggcggtgttg acaattaatc 2880
atcggcatag tatatcggca tagtataata cgacaaggtg aggaactaaa ccatggccaa 2940
gttgaccagt gccgtteccgg tgctcaccge gecgcgacgte gecggagegg tcgagttetg 3000
gaccgaccgg ctegggttcet ccecgggactt cgtggaggac gacttcegecg gtgtggtecg 3060



29

US 9,434,934 B2

30

-continued
ggacgacgtyg accctgttca tcagegeggt ccaggaccag gtggtgecgg acaacaccct 3120
ggcetgggtyg tgggtgcgcg gcctggacga gcectgtacgec gagtggtcegg aggtcegtgte 3180
cacgaacttce cgggacgect ccgggecgge catgaccgag atcggcegage agceegtgggg 3240
gegggagtte geectgegeg acceggecgg caactgegtg cacttegtgg cecgaggagea 3300
ggactgacac gtccgacggce ggcccacggg tcccaggcect cggagatccg tccccectttt 3360
cctttgtecga tatcatgtaa ttagttatgt cacgcttaca ttcacgccct ccccccacat 3420
ccgctctaac cgaaaaggaa ggagttagac aacctgaagt ctaggtccct atttattttt 3480
ttatagttat gttagtatta agaacgttat ttatatttca aatttttctt ttttttectgt 3540
acagacgcgt gtacgcatgt aacattatac tgaaaacctt gcttgagaag gttttgggac 3600
gctcgaagge tttaatttge aagctggaga ccaacatgtg agcaaaaggc cagcaaaagg 3660
ccaggaaccg taaaaaggcc gegttgetgg cgttttteca taggctccge ccccecctgacg 3720
agcatcacaa aaatcgacgc tcaagtcaga ggtggcgaaa cccgacagga ctataaagat 3780
accaggcegtt tcccectgga agectccectceg tgcgcectetee tgtteccgace ctgecgetta 3840
ccggatacct gtccgecttt cteccttegg gaagegtgge getttcectcaa tgctcacget 3900
gtaggtatct cagttcggtg taggtcgttc gectccaaget gggctgtgtg cacgaacccce 3960
ccgttcagece cgaccgctge gecttatccecg gtaactateg tecttgagtee aacccggtaa 4020
gacacgactt atcgccactg gcagcagcca ctggtaacag gattagcaga gcgaggtatg 4080
taggcggtgce tacagagttc ttgaagtggt ggcctaacta cggctacact agaaggacag 4140
tatttggtat ctgcgctctyg ctgaagccag ttaccttegg aaaaagagtt ggtagctcett 4200
gatccggcaa acaaaccacce gctggtageg gtggtttttt tgtttgcaag cagcagatta 4260
cgcgcagaaa aaaaggatct caagaagatc ctttgatcett ttctacgggg tcetgacgcetce 4320
agtggaacga aaactcacgt taagggattt tggtcatgag atc 4363

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 10
H: 389
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: pHTPY2 spr226lc corresponding expressed protein

seque

nce

<400> SEQUENCE: 10

Met Arg Phe
1

Ala Leu Ala
Ile Pro Ala
35

Asp Val Ala
50

Phe Ile Asn
65

Ser Leu Glu

Ala Thr Gln

Thr Leu Pro
115

Pro Ser Ile Phe Thr

Ala Pro Val Asn Thr

Glu Ala Val Ile Gly

40

Val Leu Pro Phe Ser

55

Thr Thr Ile Ala Ser

70

Lys Arg Glu Ala Glu

85

Thr Gly Ala Thr Trp

100

Leu Ser Gly Thr Phe

120

Ala Val Leu
10

Thr Thr Glu
25

Tyr Ser Asp

Asn Ser Thr
Ile Ala Ala
75

Ala Glu Gly
90

Gly Leu Asp
105

Thr Tyr Ser

Phe Ala Ala
Asp Glu Thr
30

Leu Glu Gly
45

Asn Asn Gly
60

Lys Glu Glu

Ile Gly Val

Arg Ile Asp
110

Asn Thr Gly
125

Ser Ser
15

Ala Gln

Asp Phe

Leu Leu

Gly Val
80

Ala Gly
95

Gln Arg

Ser Gly
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Val Asn Ala
130

Phe Gly Gly
145

Asn Gly Asn

Gly Gly Thr

Arg Val Leu

195

Gly Val Asp
210

Met Ser Leu
225

Asn Ala Ile

Asn Arg Asp

Thr Val Gly

275

Tyr Gly Ser
290

Ala Trp Ile
305

Met Ala Thr

Asn Pro Ser

Ala Thr Ser

355

Leu Leu Tyr
370

His His His
385

<210> SEQ I
<211> LENGT.
<212> TYPE:

Tyr Ile Ile Asp Thr

135

Arg Ala Thr Ala Val
150

Asp Cys Asn Gly His

165

Val Tyr Gly Val Ala

180

Asn Cys Ser Gly Ser

200

Trp Val Arg Gln Asn

215

Gly Gly Gly Ala Ser
230

Asn Ala Gly Ile Thr

245

Ala Cys Gln Phe Ser

260

Ala Thr Thr Ser Thr

280

Cys Leu Asp Leu Phe

295

Ser Ser Asp Thr Ser
310

Pro His Val Ala Gly

325

Ala Ser Pro Ala Thr

340

Gly Val Val Ser Asn

360

Ser Asn Tyr Gly Asn

His His

D NO 11
H: 300
DNA

375

Gly Ile Arg
Phe Asp Ala
155

Gly Thr His
170

Lys Ser Val
185

Gly Ser Asn

Ala Arg Arg

Ser Ala Leu

235

Phe Ala Leu
250

Pro Ala Arg
265

Asp Ala Arg

Ala Pro Gly

Thr Asn Thr
315

Val Ala Ala
330

Val Arg Asn
345

Ala Gly Arg

Leu Tyr Phe

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 11

ctagceeegyg

tacaaggatg

ggtgtaacce

caggtttaca

gegetgegge

<210> SEQ I
<211> LENGT.
<212> TYPE:

tgctaggact

atgccaacgt

ttcagcggga

cegetgetet

aggatcceeg

D NO 12

H: 834
DNA

ggataaccce

getgeccace

actggaaagc

gCtggggCtt

ggtggectac

aacgttatcc

ctgcaaagec

ctggggctgg

gcggeeegge

atcgaggeceg

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Val Ser His
140

Ile Gly Asp

Val Ala Gly

Arg Leu Tyr

190

Ser Gly Val
205

Pro Ala Val
220

Asp Thr Ala

Ala Ala Gly

Val Thr Ala

270

Ala Ser Tyr
285

Ser Ser Ile
300

Ile Ser Gly

Leu Tyr Leu

Ala Ile Val

350

Arg Ser Pro
365

Gln Ser His
380

inhibitory domain DNA

aggggcagta

tgaaagccge

cacccgacge

tatcacccga

accaggtcat

<223> OTHER INFORMATION: Catalytic Domain DNA

Ser Glu

Gly Gln
160

Thr Val
175

Ala Val

Ile Ala

Ala Asn

Val Asn
240

Asn Ser
255

Gly Ile

Ser Asn

Thr Ser

Thr Ser
320

Gln Ser
335

Gly Asn

Asn Leu

His His

cattgtggte
tttagatggyg
cagggttgag
gaatttagcce

gagcatcagce

60

120

180

240

300
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<400> SEQUENCE: 12

gccacccaga ccggtgegac ctggggectg gatcgcatag accagcgcac cctacccctce 60
agcggtacct tcacctacag caacacgggc agcggcgtga acgcctacat catcgatacce 120
ggtatcecggg tgagccacag cgagtttggce ggtcgggcca cggeggtttt cgacgctatt 180
ggagacggcce agaatggcaa cgactgcaac ggccatggca cccatgtggce tggaacggta 240
ggcggcacgg tctacggegt agccaaaagc gtgcggttgt acgceggtgeg ggtgcttaat 300
tgcagcgget cgggcagcaa ctcgggcegta attgcegggg tggactgggt gcggcagaat 360
gcceggagge cagcggtage caacatgage ctgggtgggg gggcectcegag cgccctcegat 420
accgcggtca ataacgccat caacgcceggg attacctttg ccctggecge aggtaacagce 480
aaccgcgacg cctgccagtt ctegccagec cgegtcactg caggcattac cgtgggggec 540
accacctcca ccgacgccag ggcectcectat tccaactacg gtagetgect cgacctette 600
gccceccegget cttecatcac cteggectgg attagcageg acacctcgac caacaccatc 660
agcggaacct cgatggccac cccccatgtg gececggggtag cggetttgta cctgcaaagce 720
aaccccagtg ccagccccge caccgtgcge aacgccattg tgggcaacgce cacttegggt 780
gtggtgagca acgccgggceg gegttcegecce aacctgctge tgtacagcaa ttac 834

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 13
H: 100
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: inhibit

<400> SEQUENCE: 13

Leu Ala Pro
1

Tyr Ile Val
Ser Leu Lys
35

Glu Ser Leu
50

Ala Ala Leu
65

Ala Leu Arg

Met Ser Ile

<210> SEQ I
<211> LENGT.
<212> TYPE:

Val Leu Gly Leu Asp

5

Val Tyr Lys Asp Asp

20

Ala Ala Leu Asp Gly

Gly Leu Ala Pro Asp

55

Leu Gly Leu Ala Ala

70

Gln Asp Pro Arg Val

85

Ser
100

D NO 14
H: 278
PRT

ory

Asn

Ala

25

Gly

Ala

Arg

Ala

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 14

domain

Pro

10

Asn

Val

Arg

Leu

Tyr
90

Asn

Val

Thr

Val

Ser

75

Ile

catalytic domain

Val Ile Gln
Leu Pro Thr
30

Leu Gln Arg
45

Glu Gln Val
60

Pro Glu Asn

Glu Ala Asp

Ala Thr Gln Thr Gly Ala Thr Trp Gly Leu Asp Arg Ile Asp

1

5

10

Gly Gln
15

Leu Gln

Glu Leu

Tyr Thr

Leu Ala

80

Gln Val
95

Gln Arg
15

Thr Leu Pro Leu Ser Gly Thr Phe Thr Tyr Ser Asn Thr Gly Ser Gly

20

25

30

Val Asn Ala Tyr Ile Ile Asp Thr Gly Ile Arg Val Ser His Ser Glu

35

40

45
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Phe Gly Gly Arg Ala Thr Ala Val Phe Asp Ala Ile Gly Asp Gly Gln

Asn Gly Asn Asp Cys Asn Gly His Gly Thr His Val Ala Gly Thr Val
65 70 75 80

Gly Gly Thr Val Tyr Gly Val Ala Lys Ser Val Arg Leu Tyr Ala Val
85 90 95

Arg Val Leu Asn Cys Ser Gly Ser Gly Ser Asn Ser Gly Val Ile Ala
100 105 110

Gly Val Asp Trp Val Arg Gln Asn Ala Arg Arg Pro Ala Val Ala Asn
115 120 125

Met Ser Leu Gly Gly Gly Ala Ser Ser Ala Leu Asp Thr Ala Val Asn
130 135 140

Asn Ala Ile Asn Ala Gly Ile Thr Phe Ala Leu Ala Ala Gly Asn Ser
145 150 155 160

Asn Arg Asp Ala Cys Gln Phe Ser Pro Ala Arg Val Thr Ala Gly Ile
165 170 175

Thr Val Gly Ala Thr Thr Ser Thr Asp Ala Arg Ala Ser Tyr Ser Asn
180 185 190

Tyr Gly Ser Cys Leu Asp Leu Phe Ala Pro Gly Ser Ser Ile Thr Ser
195 200 205

Ala Trp Ile Ser Ser Asp Thr Ser Thr Asn Thr Ile Ser Gly Thr Ser
210 215 220

Met Ala Thr Pro His Val Ala Gly Val Ala Ala Leu Tyr Leu Gln Ser
225 230 235 240

Asn Pro Ser Ala Ser Pro Ala Thr Val Arg Asn Ala Ile Val Gly Asn
245 250 255

Ala Thr Ser Gly Val Val Ser Asn Ala Gly Arg Arg Ser Pro Asn Leu
260 265 270

Leu Leu Tyr Ser Asn Tyr
275

<210> SEQ ID NO 15

<211> LENGTH: 90

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: alpha factor

<400> SEQUENCE: 15

Met Arg Phe Pro Ser Ile Phe Thr Ala Val Leu Phe Ala Ala Ser Ser
1 5 10 15

Ala Leu Ala Ala Pro Val Asn Thr Thr Thr Glu Asp Glu Thr Ala Gln

Ile Pro Ala Glu Ala Val Ile Gly Tyr Ser Asp Leu Glu Gly Asp Phe
35 40 45

Asp Val Ala Val Leu Pro Phe Ser Asn Ser Thr Asn Asn Gly Leu Leu
50 55 60

Phe Ile Asn Thr Thr Ile Ala Ser Ile Ala Ala Lys Glu Glu Gly Val
65 70 75 80

Ser Leu Glu Lys Arg Glu Ala Glu Ala Glu
85 90

<210> SEQ ID NO 16

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: linker sequence

<400> SEQUENCE: 16

Gly Asn Leu Tyr Phe Gln Ser
1 5

<210> SEQ ID NO 17

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Alpha-amylase signal peptide

<400> SEQUENCE: 17

atggtcgett ggtggtettt gtttetgtac ggtcttecagg tegetgcace tgetttgget

<210> SEQ ID NO 18

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Alpha-amylase signal peptide

<400> SEQUENCE: 18

Met Val Ala Trp Trp Ser Leu Phe Leu Tyr Gly Leu Gln Val Ala Ala
1 5 10 15

Pro Ala Leu Ala
20

<210> SEQ ID NO 19

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Glucoamylase signal peptide

<400> SEQUENCE: 19

atgtctttta gatccttgtt ggetttgtet ggtttggttt gttetggttt gget

<210> SEQ ID NO 20

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Glucoamylase signal peptide

<400> SEQUENCE: 20

Met Ser Phe Arg Ser Leu Leu Ala Leu Ser Gly Leu Val Cys Ser Gly
1 5 10 15

Leu Ala

<210> SEQ ID NO 21

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Serum albumin signal peptide

<400> SEQUENCE: 21
atgaagtggg ttacctttat ctetttgttg tttcttttet cttctgetta ctet
<210> SEQ ID NO 22

<211> LENGTH: 18
<212> TYPE: PRT

60

54

54
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Serum albumin signal peptide

<400> SEQUENCE: 22

Met Lys Trp Val Thr Phe Ile Ser Leu Leu Phe Leu Phe Ser Ser Ala
1 5 10 15

Tyr Ser

<210> SEQ ID NO 23

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Inulinase signal peptide

<400> SEQUENCE: 23

atgaagttag catactcctt gttgetteca ttggcaggag tcagtget

<210> SEQ ID NO 24

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Inulinase signal peptide

<400> SEQUENCE: 24

Met Lys Phe Ala Tyr Ser Leu Leu Leu Pro Leu Ala Gly Val Ser Ala
1 5 10 15

<210> SEQ ID NO 25

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Invertase signal peptide

<400> SEQUENCE: 25

atgcttttge aagctttect tttecttttg getggttttyg cagccaaaat atctgcea
<210> SEQ ID NO 26

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Invertase signal peptide

<400> SEQUENCE: 26

Met Leu Leu Gln Ala Phe Leu Phe Leu Leu Ala Gly Phe Ala Ala Lys
1 5 10 15

Ile Ser Ala

<210> SEQ ID NO 27

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Killer virus signal peptide
<400> SEQUENCE: 27

atgactaagc caacccaagt attagttaga tcegtcagta tattattttt catcacatta

ctacatctag tcgtaget

<210> SEQ ID NO 28

48

57

60

78
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<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Killer virus signal peptide

<400> SEQUENCE: 28

Met Thr Lys Pro Thr Gln Val Leu Val Arg Ser Val Ser Ile Leu Phe
1 5 10 15

Phe Ile Thr Leu Leu His Leu Val Val Ala
20 25

<210> SEQ ID NO 29

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Lysozyme signal peptide

<400> SEQUENCE: 29
atgctgggta agaacgaccce aatgtgtett gttttggtet tgttgggatt gactgetttg

ttgggtatct gtcaaggt

<210> SEQ ID NO 30

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Lysozyme signal peptide

<400> SEQUENCE: 30

Met Leu Gly Lys Asn Asp Pro Met Cys Leu Val Leu Val Leu Leu Gly
1 5 10 15

Leu Thr Ala Leu Leu Gly Ile Cys Gln Gly
20 25

<210> SEQ ID NO 31

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mating factor alpha-1 signal peptide

<400> SEQUENCE: 31

atgagatttc cttcaatttt tactgcagtt ttattecgcag catcctcege attaget

<210> SEQ ID NO 32

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mating factor alpha-1 signal peptide

<400> SEQUENCE: 32

Met Arg Phe Pro Ser Ile Phe Thr Ala Val Leu Phe Ala Ala Ser Ser
1 5 10 15

Ala Leu Ala

<210> SEQ ID NO 33

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mating factor alpha-2 signal peptide

60

78

57
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-continued

<400> SEQUENCE: 33

atgaaattca tttctacctt tctcactttt attttagegg cegtttetgt cactget

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 34

LENGTH: 19

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

<400> SEQUENCE: 34

57

OTHER INFORMATION: Mating factor alpha-2 signal peptide

Met Lys Phe Ile Ser Thr Phe Leu Thr Phe Ile Leu Ala Ala Val Ser

1 5 10

Val Thr Ala

15

What is claimed is:

1. A fusion gene comprising:

(a) a first DNA sequence encoding a protein secretion
signal peptide, located at the N-terminus of the fusion
gene;

(b) a second DNA sequence encoding an inhibitory
domain of Meiothermus taiwanensis WR-220 kerati-
nase, linked in translation frame with the first DNA
sequence; and

(c) a third DNA sequence encoding a catalytic domain of
M. taiwanensis WR-220 Keratinase, linked in transla-
tion frame with the second DNA sequence,

wherein the fusion gene is a non-naturally occurring
chimeric DNA.

2. The fusion gene of claim 1, wherein the first DNA

sequence encodes a yeast alpha-factor signal peptide.

3. A protein expression vector comprising:

(a) the fusion gene of claim 1; and

(b) a promoter, linked in translation frame with the fusion
gene.

4. The protein expression vector of claim 3, wherein the
promoter is selected from the group consisting of alcohol
oxidase (AOX) promoter, glyceraldehyde phosphate dehy-
drogenase promoter, translational elongation factor 1-a pro-
moter, Na*-coupled phosphate symproter promoter, and
formaldehyde dehydrogenase promoter.

5. A host cell comprising the expression vector of claim
3.

6. A cell culture comprising:

(a) an artificial medium;

(b) the host cell of claim 5, the host cell secreting the
catalytic domain of M. taiwanensis WR-220 keratinase
into the artificial medium.

7. An isolated protease comprising a catalytic domain of
M. taiwanensis WR-220 keratinase, the protease lacking an
inhibitory domain of M. taiwanensis WR-220 keratinase,
and being in a dosage form of tablet, caplet, pellet, capsule,
granule, pill, powder or sachet, or in a dosage form of
solution without containing a cell culture supplement.

8. The protease of claim 7, which comprises an amino
acid sequence having at least 95% identity to SEQ ID NO:
14.

9. A method for degrading a proteinaceous material,
comprising:

exposing the proteinaceous material to an effective
amount of the isolated protease of claim 7.
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10. The method of claim 9, wherein the protease is
pretreated at a temperature above 40° C. but below 95° C.
and remains its activity.

11. The method of claim 9, wherein the proteinaceous
material is selected from the group consisting of animal
feed, food, milk, casein, elastin, skin, hair, wool, silk, nails,
scales, fiber, leather, and feathers.

12. The method of claim 9, wherein the protease is
pretreated with a solution having a pH value ranging from 3
to 10 and remains its activity.

13. A method for preparation of a catalytic domain of M.
taiwanensis WR-220 keratinase, comprising:

(ai) growing the host cell of claim 5 in a culture medium
under conditions that permits expression of M. taiwan-
ensis WR-220 keratinase and secretion of the catalytic
domain thereof into the medium; or

(aii) growing a host cell transformed with an expression
plasmid comprising a DNA insert encoding an inhibi-
tory domain and a catalytic domain of M. taiwanensis
WR-220 keratinase under conditions that permits
expression of M. taiwanensis WR-220 keratinase and
secretion of the catalytic domain thereof into the
medium; and

(b) removing the host cell to obtain a supernatant con-
taining the catalytic domain of the M. taiwanensis
WR-220 keratinase; and

(c) isolating the catalytic domain from the supernatant or
drying the supernatant to obtain the catalytic domain in
solid form.

14. The method of claim 13, wherein the inhibitory
domain comprises an amino acid sequence having at least
95% identity to SEQ ID NO: 13; and the catalytic domain
comprises an amino acid sequence having at least 95%
identity to SEQ ID NO: 14.

15. The fusion gene of claim 1, wherein the inhibitory
domain comprises an amino acid sequence having at least
95% identity to SEQ ID NO: 13; and the catalytic domain
comprises an amino acid sequence having at least 95%
identity to SEQ ID NO: 14.

16. An isolated protease comprising the catalytic domain
of M. taiwanensis WR-220 keratinase secreted by the cell
culture of claim 6.

17. The isolated protease of claim 16, which is in a dosage
form of tablet, caplet, pellet, capsule, granule, pill, powder,
or sachet, or in a dosage form of solution without containing
a cell culture supplement.
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18. A method for degrading a proteinaceous material,
comprising:

exposing the proteinaceous material to an effective
amount of the protease of claim 8.

19. A protein expression vector comprising: 5

(a) the fusion gene of claim 2; and

(b) a promoter, linked in translation frame with the fusion
gene.

20. A protein expression vector comprising:

(a) the fusion gene of claim 15; and 10

(b) a promoter, linked in translation frame with the fusion
gene.



